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^ FOREWORD 


The  work  reported  herein  was  performed  by  Raytheon  Company,  Sudbury,  MA,  under 
Air  Force  Contract  F3361 5-73-C-0678  under  the  direction  of  the  ASD  (Aeronautical 
Systems  Division),  Wright-Patterson  Air  Force  Base,  OH.  R.  Smith,  et  al.  conducted  the 
study  and  J.  H.  Howard  was  the  Air  Force  Project  Engineer. 

The  work  was  sponsored  by  the  JTCG/AS,  as  part  of  the  3-year  TEAS  (Test  and 
Evaluation,  Aircraft  Survivability)  program.  The  TEAS  program  was  funded  by  DDR&E/  J 
ODDT&E.  The  effort  was  conducted  under  the  direction  of  the  JTCG/AS  Survivability 
Assessment  subgroup  of  TEAS  element  5. 1.7.1,  Unified  Survivability  Assessment 
Methodologies. 

This  technical  report  has  been  reviewed  and  approved. 


NOTE 

This  technical  report  was  prepared  by  the  Vulnerability  Assessment  Subgroup  of  the  Joint 
Technical  Coordinating  Group  on  Aircraft  Survivability  in  the  Joint  Logistics  Commanders' 
organization.  Because  the  Services'  aircraft  survivability  development  programs  are  dynamic  and 
changing.  this  report  represents  the  best  data  available  to  the  su  bp  roup  at  this  time.  It  has  been 
coordinated  and  approved  at  the  JTCG  subgroup  level.  The  purpose  of  the  report  is  to  exchange 
data  on  all  aircraft  survivability  programs,  thereby  promoting  interservice  awareness  of  the  DOD 
aircraft  survivability  program  under  the  cognizance  of  the  Joint  Logistics  Commanders  By 
careful  analysis  of  the  data  in  this  report,  personnel  with  expertise  in  the  aircraft  survivablity 
area  should  be  better  able  to  determine  technical  voids  and  areas  of  potential  duplication  or 
proliferation. 
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N-^This  report  is  a summary  of  all  significant  studies  performed  by 
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TEAS  program.  The  studies  encompass  primarily  three  areas: 

Survivability  assessment  modeling  j / 

Mission  cost-effectiveness  methodology  & 

Survivability  assessment  studies  , 


Mn  the  survivability  assessment  modeling  area,  several  aircraft 
attrition  models  were  evaluated  to  determine  their  applicability  to 
the  TEAS  effort,  and  modeling  deficiences  were  identified.  In 
addition,  attrition  modeling  requirements  were  outlined  (again 
with  TEAS  objectives  in  mind)  to  establish  a more  effective 
baseline  model,  and  modeling  validation  techniques  were  studied 
to  establish  model  credibility. 

A mission  cost-effectiveness  methodology  is  described  to  assist 
the  Survivability  Assessment  Subgroup  in  the  evaluation  of  the 
baseline  aircraft.  Following  the  definition  of  a generalized  mission 
effectiveness/survivability  model,  a cost  model  based  on  the 
WESIAC  method  was  outlined  and  a sample  problem  was  described 
to  demonstrate  a typical  application  to  the  TEAS  program. 

Finally,  survivability  assessment  studies  were  performed  to 
provide  examples  of  how  current  survivability  methodologies  could 
be  applied  to  the  study  of  aircraft  attrition.  . 
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NOMENCLATURE 


A = availability 
= events 

A2  = events 

AA  = uniform  cell  area 
AAA  = antiaircraft  artillery 
A^  = cell  area 
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E(abort/kill)  » event  where  aircraft  aborted  its  mission  because 
of  damage  so  severe  that  it  was  not  able  to  re- 
turn to  its  base  and  land  safely;  hence,  aircraft 
is  a loss  in  inventory 

E(abort/no  kill)  = event  where  aircraft  aborted  its  mission  because 
of  damage  sustained  but  was  able  to  return  to  its 
base  and  land  safely;  hence,  aircraft  is  not  a 
loss  in  inventory 

= engagement  at  mission  target 

E^t  - event  from  time  aircraft  arrives  within  range  of 

enemy  AAA  at  mission  target  until  it  completes  its 
bombing  run  or  drive  and  releases  its  bombs 

E^j,  = Event  from  time  aircraft  has  released  its  bombs 
until  it  leaves  range  of  enemy  AAA  at  mission 
target 

E^,  , ...  E^  = series  of  engagements 

FOM  - figure-of-merit 

kCM  - degradation  factor  for  enemy  radar  in  detecting 
and  acquiring  attacking  aircraft  when  CM  is  used 

kQ  - aircraft  design  capability  degradation  factor 
caused  by  enemy  AAA  fire 

k - aircraft  reliability  degradation  factor  caused  by 
enemy  AAA  fire 

L - leverage  effect 

Mg  ■ mission  effectiveness 

n - conventional,  i.e.,  a series 

n^  - number  of  scenarios  in  a given  mission  when  no 
AAA  is  encountered 

n^  * number  of  scenarios  in  a given  mission  when  iden- 
tical or  similar  enemy  AAA  is  engaged  in  an  iden- 
tical or  similar  fashion 
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P,  ..  * 1 if  aircraft  at  i engagement  is  within  5 minutes 

— 'i  of  flying  time  from  its  base,  given  it  sustained 
A-kill  damage  this  engagement 

» 0 otherwise,  i.e.,  T < 5 minutes 

P,  * 1 if  aircraft  at  ith  engagement  is  within  30  minutes 

— 'i  of  flying  time  from  its  base,  given  it  sustained 
B-kill  damage  at  this  engagement 

= 0 otherwise,  i.e.,  T < 30  minutes 

PA  * probability  that  designated  aircraft  is  operative 
and  available  for  flight  at  any  instant  of  time 

P . * R . D . = probability  of  acquisition  track 

acq|Ta  acq/Tg  acq^Ta 

by  enemy  where  R is  reliability  of  acquisition 

acq/  a 

track  and  D is  acquisition  track  design  capa- 

acq/  a 

bility  of  enemy  during  time  T 

PA  * probability  that  the  aircraft  will  be  repaired  in 

time  for  its  new  mission  flight  take-off  time  after 
being  damaged  during  its  flight  but  had  not  been 
repaired  and  is  now  demanded  for  another  mission 
effect 

probability  designated  aircraft  is  available  for 
flight  at  this  time 

probability  designated  aircraft  is  available  for 
flight  at  start  time 

Rdet/x  Ddet It  = Pr°bablllty  detection  by  enemy, 
la  I a 

where  . is  reliability  of  detection  and 

6 7 a 

Ddet|x  ^etect^on  design  capability  of  enemy  for 

range,  speed,  altitude  and  type  of  attacking  air- 
craft during  time  t 

a 

PD  - probability  of  detection 


Vi 

\ri 

Pdet|Ta 
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P = probability  that  emergency  ejection  system  operates 
satisfactorily  so  crew  member  survives 

P = probability  of  aircraft  effectiveness,  no  enemy  AAA 
E fire 

P£  = effective  probability  of  enemy  AAA  during  a single 
AAA,,  engagement 

= probability  of  aircraft  effectiveness  with  enemy  AAA 
E/Fi  fire 

P^.p  = aircraft  effectiveness  probability  during  a single 
i scenario  when  enemy  AAA  is  encountered  with  CM 
aboard 

Pj,  = aircraft  effectiveness  probability  during  a single 
i scenario  when  no  enemy  AAA  is  encountered  with  CM 
aboard 

P^.  = aircraft  effectiveness  probability  during  a single 

i scenario  when  no  enemy  AAA  is  encountered  and  no  CM 
aboard 

P = probability  of  enemy  AAA  successful  firing,  single 
SS  shot 

P = probability  of  hit 
H 

P * P on  dual  redundant  components 
HD  h 

PH/D  * Probability  °f  hit  if  detected 

P = P on  single  components 
JS  H 

P^  * probability  of  kill 

P ■ probability  of  aircraft  falling  out  of  manned  con- 

A/H^  trol  within  5 minutes  (A-kill)  after  being  hit 
(ith)  engagement) 

P„  - probability  of  aircraft  falling  out  of  manned  con- 
b/H^  trol  within  30  minutes  (B-kill)  after  being  hit 
(ith)  engagement) 
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= probability  of  aircraft  remaining  within  manned 
E/H.  control  after  being  hit  and  returning  to  base,  but 
damage  makes  it  uneconomical  to  repair  (E-kill), 
thus  it  is  lost  to  inventory  (ibb  engagement) 


^K/H  = Probability  kill  given  a hit 


PK/H. 

PK/Hj 

\/»L 


P^H  on  = P^  along  a shot  line 
probability  of  a hit  of  a given  component 


probability  of  aircraft  falling  out  of  manned  con- 
trol within  30  seconds  (K-kill)  after  being  hit 
(itb  engagement) 


P = probability  of  aircraft  disintegrating  immediately 

iCK/H^  (K^-kill)  upon  being  hit 

P = probability  of  kill  of  one  r-type  component 
K. 


P„  = probability  of  kill  by  single  shot 

K._  _ 


P^  = probability  of  kill  by  single  shot  redundant 
SSp  systems 

P^  = probability  that  Lf  (forced  landing)  will  be 

f.  successful  without  injury  to  crew  and  without  signi- 
~l  ficant  additional  damage  to  aircraft  for  damage 
levels  j = A,  B,  E,  and  HA 

P^  = probability  that  aircraft  will  be  mission  available 
x after  x hours  of  time  and  repair 

Pma  = probability  aircraft  is  repaired  and  becomes 

x mission  available  in  x hours  upon  landing  safely 
after  A-  or  B-kill  but  not  E-kill 

Pj^,  * probability  of  mission  success  - f(A,R,D)  for  E^  to 
eMT  ” a function  of  the  product  of  probability  from 
the  time  the  aircraft  is  selected  for  the  mission  up 
to  and  including 


probability  of  survival 
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Pg  of  aircraft  during  its  bombing  run  over  its 
mission 

probability  of  survival,  given  aircraft  was  operati\e 
initially,  for  ith  scenario  of  a given  mission  which 
requires  satisfactory  performance  of  m design  features 
without  AAA  fire 
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probability  that  aircraft  will  survive  the  mission 
reliability 

tAvi 

distance  of  it^1  element  from  aircraft  tracking 
centroid 

test  and  evaluation,  aircraft  survivability 
system  effectiveness 
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INTRODUCTION 

l or  the  JTCG/AS  TEAS  (test  and  evaluation,  aircraft  survivability)  program,  Raytheon 
performed  studies  primarily  in  three  areas: 

a.  Survivability  assessment  modeling 

b.  Mission  C-E  (cost-effectiveness)  methodology 

c.  Survivability  assessment. 


SURVIVABILITY  ASSESSMENT  MODELING 

An  attempt  was  made  to  better  understand  EVADE  II,1  SIMFIND  2, 2 and  P0013 
aircraft  attrition  models  and  to  investigate  modeling  problems  in  general.  First,  a standard 
for  information  flow  in  general  E-model  (engagement  model)  was  established.  Then 
EVADE  II,  SIMFIND  2,  and  P00I  were  examined  and  compared4  to  select  the  most 
suitable  for  TEAS  applications.  A study  was  made  also  to  define  model  validation 
techniques  using  test  data  (e.g.,  HITVAL)  and  a conceptual  man-in-the-loop  simulator.  To 
complement  these  efforts,  studies  were  performed  on  particular  modeling  deficiencies. 
These  deficiencies  included  determining: 

1.  Pj(  (probability  of  kill)  of  distributed  components  for  large  Ap  (presented  area)  to 
shot  distribution  variance  ratios 

2.  Pg  (probability  of  survival)  of  aircraft  with  redundant  systems 

3.  Interrelationship  of  error  sources  in  P001 . 

In  addition,  SIMFIND  2 was  modified  to  correct  a problem  with  its  projectile  time-of-flight 
algorithm. 


MISSION  C-E  METHODOLOGY 

The  mission  C-E  methodology  work  is  to  aid  evaluation  of  baseline  aircraft  and  pro- 
posed modifications.  Following  the  definition  of  a generalized  Mg  (mission  effectiveness)/ 
aircraft  survivability  model,  a cost  model  based  on  the  WESIAC  method  was  outlined,  and  a 
sample  problem  was  described  to  demonstrate  a typical  application  to  the  TEAS  program. 
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SURVIVABILITY  ASSESSMENT 

Two  survivability  assessment  studies  were  conducted  to  provide  examples  of  how 
current  survivability  assessment  methodologies  could  be  used.  First,  all  three  attrition 
models  were  used  to  evaluate  potential  vulnerability  reduction  of  the  F-4  fuel  system, 
shown  by  a measure  of  P^.  The  second  study  defined  a handbook  to  allow  quick 
computation  of  the  expected  P$  for  a given  scenario,  having  only  a set  of  graphs,  six 
cardinal  Ay  (vulnerable  areas),  and  a hand  calculator. 


SURVIVABILITY  ASSESSMENT  MODELING 


GENERAL  PURPOSE  E-MODEL 

A general  purpose  E-model  was  designed  to  simulate  the  complex  interactions  between 
a combat  aircraft  flying  a given  flightpath  against  a ground-based  AAA  (antiaircraft  artillery) 
defense  threat.  It  includes  all  classical  elements  of  an  AAA  defense  system,  an  aircraft 
flightpath  generator,  and  provisions  for  miss-distance  calculation,  PjCss  (probability  of  kill 
by  single  shot)  determination,  and  P^  classification  (Figure  1). 

However,  to  yield  results  for  an  aircraft  with  given  vulnerability  reduction  features,  the 
specific  aircraft  configuration,  flightpath  and  tactics,  details  of  the  AAA  systems,  and  any 
pertinent  environment  terrain  factors  must  be  tailored  and  supplied  as  input  for  the  model. 
Initially,  the  baseline  model  can  be  tailored  using  information  and  data  readily  available, 
considering  standardizing  submodels  wherever  feasible.  This  model  can  then  be  updated  to 
incorporate  improved  methods  of  expressing  aircraft  vulnerability,  defense  system  tracking 
errors,  etc.,  as  they  become  available. 

The  E-model  may  be  applied  to  a broad  class  of  engagement  situations  and  may 
comprise  n submodels.  It  can  be  used  to  evaluate  survivability  payoffs  of  proposed  aircraft 
vulnerability  reduction  features,  and/or  (with  further  methodology)  to  assess  mission 
effectiveness/aircraft  survivability /cost  impacts  and  tradeoffs. 

An  engagement  represented  by  the  model  may  be  either  an  independent  sequence  of 
events  to  study  effects  of  certain  changes  in  detailed  pa  meters  of  the  participants,  or  it 
may  be  one  of  a series  of  related  engagements  that  make  up  a complete  mission.  Either  way, 
a mission  scenario  (not  shown  as  a specific  element  on  Figure  1)  is  required  to  define 
coherently  the  conditions  under  which  the  engagement  is  to  take  place.  These  conditions  are 
expressed  through  four  input  elements.  These  inputs  must  be  based  on  such  things  as 
mission  objective,  target  location,  type  of  aircraft  and  configuration,  characteristics, 
payload,  fuel,  defense  and  delivery  tactics,  type  and  location  of  defense  system,  and  firing 
doctrine. 
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* SPECIAL  PURPOSE  SUSMOOCLI 


Figure  1.  General  Purpose  E-Model. 
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The  elements  shown  in  Figure  1 are  described  in  Table  1,  grouped  into  three 
categories: 

1 . External  inputs  - Elements  - 1 , 2,  3,  and  4 

a.  Selecting  general  purpose  submodels 

b.  Selecting  and  defining  form  of  special  purpose  submodels 

c.  Input  data  for  both 

2.  Submodels  - Elements  5 through  1 5 

3.  Outputs  - Elements  16,  17  and  18. 

The  same  general  purpose  submodel  may  be  used  as  an  element  for  many  or  all 
anticipated  engagements,  required  variations  would  be  controlled  by  appropriate  input 
parameters  and  data.  For  example,  the  Ay  model  may  be  used  for  element  13  in  all  baseline 
cases.  However,  a new  set  of  Ay  would  be  required  as  input  data  from  element  1 to  cover 
each  significant  variation  in  aircraft  configuration.  Similarly,  a single  set  of  ballistic 
trajectory  equations  may  adequately  satisfy  element  1 1 for  all  ballistic  weapons;  only 
proper  coefficients  for  each  weapon  would  be  required  as  input  data. 

Special  purpose  submodels  cover  functions  that  require  specialized  formulations.  For 
example,  inputs  to  element  2 must  define  the  nature  of  target  detection  to  be  used  in 
element  6,  and  supply  appropriate  input  to  exercise  it.  For  a radar- controlled  defense 
system,  element  6 could  involve  a search  radar  and  its  generic  detection  equations,  and 
require  the  target  radar  cross  section  as  an  input.  Element  2 would  define  specific 
parameters  of  the  search  radar  for  the  particular  engagement  to  be  run.  On  the  other  hand,  a 
small  caliber,  manually  controlled  AAA  system  with  an  optical  sight  might  require  only  the 
insertion  of  a simple  time-delay  after  terrain  unmasking.  A closed-loop  automatic  tracking 
radar  with  target  position  and  rate  outputs  for  element  8 differs  widely  from  a human 
tracker  using  an  optical  sight  for  target  azimuth  and  elevation  and  open  loop  estimates  of 
target  range,  speed,  course  angle,  and  dive  angle.  The  interfacing  fire  control  computers, 
element  9,  are  also  completely  different  in  each  case,  both  in  algorithm  and  implementation. 
The  radar-fed  computer  might  be  designed  to  aim  the  guns  from  target  azimuth,  elevation, 
range  and  associated  rate  inputs,  while  a typical  optical-mechanical  sight  would  require  the 
set  of  mechanically  inserted  input  parameters  from  the  human  tracker. 


VALIDATING  THE  E-MODEL 

Proposed  methodology  by  Raytheon  for  assessing  aircraft  survivability  uses  a mission 
model.  The  model  includes  a series  of  modular  E-models  whose  inputs  and  outputs  are 
coupled  in  proper  sequence  by  relatively  simple,  definitive,  analytical  relationships.  These 
relationships  are  visible,  readily  discernible,  attributable,  and  understood.  On  the  other 
hand,  the  E-model  is  more  complex,  and  its  outputs  generally  are  not  expressible 
analytically  in  terms  of  its  inputs.  The  E-model  must  be  exercised  to  determine 
experimentally  the  outcome  from  a given  set  of  input  parameters.  Therefore,  this  study 
concentrated  on  the  validation  of  the  E-model. 


Table  1.  General  Purpose  E-Model  Elements. 
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JTCG/  AS-7  5-S-002 


I 


I 


t 


« 


JTCG/ AS-7  5-S-002 


Idealize  Conditions  Initially 

The  E-model  has  many  parameters  that  affect  performance.  To  better  control  the 
validation  process  and  facilitate  identification  of  problem  areas,  the  number  of  variables 
should  be  minimized.  This  can  be  accomplished  by  idealizing  operating  conditions.  Addition 
variables  can  be  progressively  added  and  checked  after  initial  validation  of  the  simplified 
model. 

Basic  Approach 

Confidence  in  assessing  aircraft  survivability  reduction  using  computer  simulation 
depends  on  the  degree  of  confidence  in  the  validity  of  the  computer  program  models  that 
are  used.  The  validation  process  attempts  to  verify  that  a model  does  in  fact  yield  results 
that  are  similar  to  those  obtained  in  the  real  world.  Model  outputs  are  compared  with 
real-world  outputs  for  the  same  set  of  input  conditions  and  constraints. 

H1TVAL 


The  HITVAL  experiment  incrementally  measured  data  elements  from  aircraft  position 
up  to  the  aiming  angles  of  the  gun  barrel  (equivalent  to  the  output  of  the  AAA  Firing 
Submodel  of  Figure  1),  and  computed  ballistic  trajectories  from  those  measured  gun  aim 
angles  for  the  projectiles  assumed  to  be  fired.  It  then  compared  these  trajectories  with  the 
measured  aircraft  positions  to  determine  (probability  of  hit).  Available  HITVAL 
descriptions  indicate  that  some  real-world  internal  elements  were  also  instrumented  so  their 
behavior  could  be  measured.  If  such  test  data  are  available  from  HITVAL  23-mm  test,  it 
should  be  obtained  as  a source  of  potential  validation  data  for  some  the  the  TEAS  model 
elements. 

Suggested  Specific  Experiments 

ANALYTICALLY  DEFINED  ELEMENTS.  The  aircraft  Flightpath  Generator  and  Miss 
Vector  submddeJj  (Figure  1)  are  analytically  defined  elements  whose  performance  can  be 
controlled  and  verified  to  the  extent  desired,  either  analytically  or  by  computer.  Therefore, 
they  receive  no  further  attention  here. 

«• 

AAA  SYSTEM  SUBMODELS.  Several  submodels,  such  as  the  AAA  Fire  Control 
Computer  and  AAA  Firing  Submodel,  represent  pure  hardware  components  of  the  enemy 
AAA  system  involved  in  the  engagement.  Their  characteristics  depend  on  the  particular 
AAA  system  that  is  called  for  in  the  engagement  scenario  (e.g.,  1 2.7-,  14.5-,  or  23-mm). 
liven  though  they  are  of  the  same  general  weapon  type,  characteristics,  specific  parameters 
and  tolerances  that  distinguish  one  from  the  other  must  be  incorporated  in  the  submodelt-to 
provide  an  accurate  representation  of  their  behavior. 
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Validation  of  such  submodels  may  be  performed  in  a laboratory  on  samples  of  actual 
hardware  components  using  precision  mechanical  measuring  instruments.  For  instance,  the 
optical-mechanical  computing  sight  (Figure  2)  is  generic  to  some  of  the  small  caliber  AAA 
weapons.  It  mechanically  generates  a pair  of  lead  angles  for  the  gun  barrel  with  respect  to 
the  target  sight  angles  which  are  a function  of  four  other  operator  input  settings  to  the 
computer:  target  range,  speed,  course  angle  and  dive  (or  climb)  angle.  Capabilities  of  actual 
hardware  are  defined  by  the  theoretical  prediction  algorithm  that  the  mechanism  is  designed 
to  implement  and  by  the  accuracy  with  which  that  algorithm  is  executed.  These  capabilities 
may  be  determined  by  comparing  a series  of  static  measurements  of  lead  angles  with 
calculated  lead  angles  as  a function  of  the  six  input  parameters.  Measurements  on  a number 
of  samples  are  required  to  establish  confidence  in  the  performance  that  may  be  considered 
as  typical  of  enemy  devices.  Because  the  optical-mechanical  computing  sight  is  of  low 
quality,  it  may  be  necessary  to  deliberately  introduce  errors  into  the  simulated  AAA  Fire 
Control  Computer  to  make  it  imitate  the  true  hardware  and  its  parameters. 

The  AAA  Firing  Submodel  simulates  the  behavior  of  the  gun.  It  includes  such 
parameters  as  angular  dispersions  contributed  by  gun  barrel  and  mount  tilt,  slewing  and 
pointing  lags  due  to  inertia,  delays  in  firing  after  trigger  is  pressed,  any  applicable  limits  on 
number  of  rounds  that  can  be  fired  before  ammunition  supply  must  be  replenished,  and  the 
replenishment  or  reloading  time.  Such  data  may  be  available  from  intelligence  sources,  or 
may  be  estimated  from  laboratory  measurements  on  samples  of  the  guns. 


TARGET  AZIMUTH  AND 
ELEVATION  SIGHT  ANGLES 


GUN  BARREL 
AZIMUTH  AND 
ELEVATION 
LEAD  ANGLES 


OPERATOR  TARGET  SETTINGS 


Figure  2.  Generic  AAA  Optical-Mechanical  Computing  Sight. 


11 


JTCG/ AS-7  5-S-002 


AAA  BALLISTIC  TRAJECTORY  SUBMODEL.  If  characteristics  of  enemy  ammuni- 
tion cannot  be  estimated  from  intelligence  sources,  samples  should  be  subjected  to  firing 
tests  to  establish  the  nominal  muzzle  velocity  and  its  variance  and  all  other  applicable 
aerodynamics  and  ballistic  parameters.  The  parameters  can  be  inserted  into  standard 
equations  for  calculating  projectile  trajectories,  such  as  BRL  equations. 

HUMAN  FACTORS  SUBMODELS.  The  AAA  Detection  and  Acquisition  and  AAA 
Tracking  Subsystem  Submodels  must  include  performance  capabilities  and  behavior  of 
human  operators.  These  are  some  of  the  most  difficult  to  model  because  operators  vary 
from  individual  to  individual  due  to  factors,  such  as  time,  learning,  motivation,  physical 
condition,  design  of  controls  and  displays,  and  environment.  Many  experiments  with  many 
subjects  must  be  run  to  establish  statistically  the  form  of  such  submodels  and  parameters. 

Experiments  with  human  operators  should  be  designed  to  minimize  interference  from 
factors  that  are  not  a controlled  part  of  the  experiment,  and  should  be  conducted  with  the 
aid  of  experimental  psychologists.  Laboratory  experiments  rather  than  field  are  preferred 
because  they  generally  afford  better  control  of  conditions  and  measurement  of  results  at  less 
expense.  Synthetic  AAA  trainers,  evaluators  and  scorers,  and  related  technology  may  be 
adapted  for  such  experiments.  Furthermore,  such  experiments  can  be  readily  extended  to 
include  optical  countermeasure  effects. 

AAA  Detection  and  Acquistion  Subsystem.  The  basic  parameter  of  concern  introduced 
by  this  submodel  is  detection  and  acquisition  time.  This  affects  the  time  delay  to  be 
deducted  from  available  AAA  firing  time  due  to  the  inability  of  the  gun  crew  to  start 
tracking  and  firing  the  instant  the  target  comes  within  firing  range.  The  significance  of  this 
time  delay  depends  on  total  exposure  time  of  the  target  (the  shorter  the  exposure  time,  the 
more  important  the  detection  and  acquisition  time).  Helicopter  pop-up  maneuvers,  and  low 
altitude,  high  speed  passes  are  examples  of  short  exposure  time  cases. 

Experiments  are  needed  to  determine  the  time  required  for  an  operator  to  bring  a 
target  within  the  boundaries  of  an  optical  sight.  The  parameters  that  affect  this  performance 
include:  alerting  (by  aircraft  sound  or  external  source),  terrain  masking,  visibility,  aircraft 
flightpath,  size,  color,  speed,  background,  and  the  ease  and  skill  with  which  the  operator  can 
move  the  gun  sight  from  its  initial  position  to  the  target  direction. 

For  example,  a real  or  dummy  AAA  gun  with  the  proper  controls,  inertia  and  feel  can 
be  used.  Motion  pictures  of  aircraft  executing  the  desired  flyby  or  pop-up  tactics  against  the 
desired  background  can  be  projected  on  a screen  in  view  of  the  operator.  A hemispheraJ 
screen  is  preferred  to  provide  a full  overhead  and  360-degree  azimuth  field-of-view  for 
maximum  realism,  although  lesser  fieMs-of-view  can  yield  usable  results.  The  gun  sight  can 
be  instrumented  so  it  is  able  to  sense  when  the  aircraft  is  within  its  view  angle  with  some 
degree  of  accuracy.  This  can  be  accomplished  with  a collimated  optical  pick-up  sensitive  to 
the  aircraft  image,  which  may  be  modulated  or  include  an  invisible  infrared  spot  to  identify 
it,  as  with  standard  AAA  scoring  trainers. 
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Another  approach  is  shown  in  Figure  3.  The  aircraft  is  projected  on  a hemispheral 
cycloramic  screen,  against  which  the  illumination,  background,  sky,  terrain,  etc.,  are 
projected  and  controlled  with  fixed  projectors.  The  aircraft  is  controlled  dynamically  in 
position  and  size,  which  simulates  maneuvers  and  varying  range.  The  projector  is 
preprogrammed  to  make  the  aircraft  move  with  the  desired  speed  and  tactics. 

Fxisting  gunnery  training  equipment  and  facilities  should  be  considered  for  adaption 
and  use  in  these  experiments. 

AAA  Tracking  Subsystem.  The  AAA  Tracking  Subsystem  is  a composite  of  five 
separate  tracking  functions,  most  of  which  are  independent  of  each  other.  Thus,  validation 
of  the  tracking  subsystem  can  be  broken  into  validations  of  the  following  simpler  target 
tracking  tasks: 

1.  Angle  tracking  (azimuth  and  elevation) 

2.  Range 

3.  Speed 

4.  Course  angle 

5.  Dive  (or  climb)  angle 


CYCLORAMIC  SCREEN 


MOVING  TARGET 
IMAGE 


OPERATOR 
* GUN 
SIGHT 


FIXED 

BACKGROUND 
AND  SKY 
PROJECTORS 


MOVING  TARGET  PROJECTORS 


Figure  3.  Cycloramic  Screen  System  for  AAA  Human  Factors  Experiments. 
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In  small  caliber  AAA  systems,  only  the  angle  tracking  mechanism  provides  feedback 
that  enables  the  operator  to  determine  how  well  he  is  tracking.  All  other  tracking  tasks  are 
open  loop.  However,  some  of  the  AAA  systems  rely  on  operator  use  of  tracer  bullets  to 
provide  error  feedback. 

An  experiment  should  be  designed  to  measure  angle  tracking  errors  between  a target 
and  the  gun  sight  as  pointed  by  the  operator  for  a variety  of  flightpaths.  The  experiment 
would  be  similar  to  that  shown  in  Figure  3,  with  the  gun  inertia  and  dynamics  faithfully 
replicated. 

Operator  performance  is  measured  by  making  motion  pictures  of  the  optical  sight  with 
the  target  in  its  field-of-view  for  later  reduction  and  evaluation,  or  by  projecting  a set  of 
invisible  scoring  rings  about  the  aircraft  and  automatically  sensing  these  with  an  imaging 
sensor  collimated  with  the  optical  sights,  and  recording  (and  if  desired,  processing)  the 
resulting  errors  in  real  time.  A controllable  intensity  simulates  desired  visibility  and  contrast 
conditions. 

Range,  speed,  course  angle,  dive  or  climb  angle  are  independent  operator  inputs  to  the 
gun  sight  computer  (Figure  2).  However,  the  same  method  may  be  used  for  measuring 
human  performance  in  estimating  these  parameters.  The  operator  is  provided  with  contWls 
similar  to  that  available  on  the  real  gun  sight  computer.  The  controls  are  instrumented  to 
automatically  record  the  settings.  Motion  pictures  of  targets  executing  various  maneuvers  of 
interest  are  projected  before  the  operator,  who  responds  by  setting  the  controls,  according 
to  his  estimates.  The  actual  parameters  of  the  target  are  measured  and  recorded  while  the 
motion  picture  is  being  made,  and  are  played  back  in  real  time  during  projecting.  The 
operator  settings  are  compared  with  these  recorded  measurements  to  determine  the 
distribution,  shape  and  biases  of  his  errors. 

If  desired,  such  experiments  can  be  conducted  with  live  aircraft,  with  the  aid  of 
suitable  instrumentation  to  measure  the  true  parameters.  Aircraft  range  may  be  measured 
with  a tracking  radar  collocated  with  the  human  subject.  Aircraft  course  angle,  speed,  and 
dive  or  climb  angles,  which  do  not  change  rapidly,  can  be  called  in  over  the  radio  in  real 
time  by  the  pilot  from  instruments  aboard  the  aircraft. 

Weapon  System  Test  and  Evaluation  Instrumentation.  The  WFSTL  (Weapon  System 
Test  and  Evaluation)  System  at  Eglin  Air  Force  Base,  Florida,  includes  sensor  and  computer 
instrumentation  for  scoring  simulated  ground-to-air  combat  engagement  between  real 
aircraft  and  AAA.  The  basic  sensor  is  a compact,  gimbaled  reference  radar-beacon 
combination  that  measures  target  position  and  rates  with  respect  to  the  weapon.  In  the  case 
of  ground-based  weapons,  the  reference  radar  is  mounted  on  the  barrel  of  an  optically  aimed 
gun,  or  on  the  tracking  antenna  of  a radar-directed  gun,  and  operates  with  a beacon  carried 
by  the  target. 
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The  accuracy  capabilities  of  the  reference  radar,  as  determined  by  field  demonstration 
tests,  are : 


Errors -Standard  Deviation 

Range  Azimuth  Elevation 

(ft)  (milliradians)  (milliradians) 

24.9  2.7  2.1 


This  WESTE  instrumentation  could  be  used  during  field  validation  tests  in  which  a 
target  passes  relatively  close  to  the  weapon  or  measurement  location,  since  the  position 
error  in  the  plane  perpendicular  to  the  line  of  sight  is  on  the  order  of  2 to  3 feet  per 
thousand  feet  of  range. 


SURVIVABILITY  ASSESSMENT  MODEL  ANALYSIS 
Approximation  of  Pjj  for  Distributed  Ays 

ASI6  studied  cases  where  the  variance  of  the  shot  distribution  was  small  compared  to 
the  aircraft  Ap.  For  that  analysis,  the  Ay  was  represented  by  four  I -meter  cubes  distributed 
about  the  aircraft  as  shown  in  Figure  4. 

Differences  in  excess  of  100  percent  were  noted  when  the  distributed  Ay  was  used  in 
Model  P001  and  resulting  Pjj  was  compared  with  that  from  the  standard  lumped  Ay  model. 
Even  the  component  approach  (discussed  later)  suffers  in  accuracy  when  considering 
vulnerability  index  methodology,  transformation  of  6-sided  Ay  to  26  sides  for  P001,  and 
increased  computation  time  required. 

The  analysis  herein  describes  an  intermediate  approach,  which  appears  to  produce 
results  with  an  acceptable  degree  of  accuracy  but  at  the  cost  of  a small  increase  in  computer 
time.  Tlie  analysis  includes  a comparison  of  the  Raytheon  approach  with  that  of  ASI  and  a 
study  by  IDA.7 


Raytheon  Company.  An  Accurate  Approximation  of  the  Probabiity  of  Kill  for  Distributed  Vulnerable  Areas  by 
R.B.  Smith.  Sudbury,  MA,  RC.  March  1974.  (RBS-74-08,  publication  UNCLASSIFIED.) 

6 Armament  Syttemt,  Inc.  Sensitivity  of  Aircraft  Vulnerable  Area  Representation.  Anaheim,  CA,  ASI.  September 
1973.  (Unpublished,  UNCLASSIFIED.) 

7lnititutc  for  Detente  Analyst.  An  Analysis  and  Comparison  of  Three  Aircraft  Attrition  Models  Probabiity  of  Hit 
by  Anti-Aircraft  Cams,  by  Dr.  J.A.  Row,  Inititute  for  Defente  Analyst,  Arlington,  VA.  IDA,  September  1973.  (Paper 
P-967,  publication  UNCLASSIFIED.)  ^ 
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where. 


aircraft  dimensions  << -»  + o' 

\/  * y 


Then,  using  the  As  relationship  of  Ay  elements,  we  determine  on  As  as: 


2tt 


/ 2 . As 

x 2tt 


/ 2 . As 

lay  + 2^ 


exp 


1 /-_•? — + si 

2 \ °2  + s °2  + 

\ x 2tt  y 


2ir 


where. 


As  - 7T  R 


R - = root  weighted  sum  square 

V 


V 


■ distance  of  ith  element  from  aircraft  tracking  centroid 
Ay  - Ay  of  ith  components 

V - Ev 
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Defining  Pk/H  (probability  of  kill  given  a hit)  as: 

\ 

PK/H  " As 
and  restating  as:  - 

PK  “ PK/HPH 

Then,  substituting  equations  (2)  and  (3)  in  equation  (4): 


A/^  + h 


' i / .2  , b2  \ 

exp'M7T^  77Y 

\ X + 2ir  ay  + 2t r / 


A§  may  be  equal  to  A_  and  may  cause  Pj^  1 for  very  small  and  in  cases  where 

A _ A * J 


Ay  = Ap. 


where. 


II 

\ AiPK/H 


- unit  area 


PK/H1  “ PK/H  °n  Ai 


If  Aj  is  small  and  equal  to  AA,  then: 


E v, 

j _ i * 
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Taking  the  ratio: 


(8a) 


(8b) 


This  is  the  expected  value  of  Pr/H-  However,  this  does  not  account  for  a spatial  distribution 


that  is  non-homogeneous.  Expanding  R = 


a,r 
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COMPARISON.  The  IDA  analysis  (see  footnote  6)  investigated  the  Ppj  on  the  bottom 
of  an  F-4  (equation  2)  for  different  shot  distribution  variances  and  miss-distance  vectors. 
Some  of  the  resulting  graphs  were  in  error  and  are  not  duplicated  here.  (IDA  inadvertently 
used  the  Carlton  damage  function  as  the  bi variant  distribution  function.)  Note:  Using  either 
form  of  the  Carlton  damage  function  and  the  bivariant  Gaussian  function  one  can  obtain 
equation  1. 

P^l  on  the  bottom  of  the  F-4  (Figure  5)  for  dispersions  of  2,  4,  and  10  meters  are 
shown  in  Figures  6.  7,  and  8,  respectively.  A symmetrical  bivariant  normal  distribution  is 
projected  onto  the  Ap  of  the  bottom  of  the  F-4  and  the  P^  determined.  The  Ph  is 
computed  also  by  equations  1 and  5 for  miss  distances  of  0 through  10  meters.  For  this 
analysis,  R was  found  to  be  4.2  meters  for  homogeneous  weighting. 

ASI  used  the  P001  model  to  compare  the  distributed  Ay  concept  against  the 
nondistributed  Ay-  For  simplicity,  this  comparison  is  in  the  same  format  as  used  by  IDA. 
Figures  9 through  1 1 present  the  Pj|  on  the  bottom  of  the  aircraft  for  dispersions  of  2,  4, 
and  10  meters,  respectively.  Again,  P^  is  computed  by  equations  1 and  5 for  miss  distances 
of  0 through  10  meters.  In  this  case,  R was  found  to  be  9.35  meters. 


0 S 

METERS 


Figure  5.  F-4  Bottom  Profile. 
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4 6 1 

MISS  VECTOR  MAGNITUDE  METERS 


Figure  7.  Pjj  on  F-4,  o ■ 4 Meters. 
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PROJECTILE  PATH  NORMAL 
TO  BOTTOM  OF  AIRCRAFT 


2 4 8 B 10 

MISS  VECTOR  MAGNITUOE  METERS 


Figure  10.  Pjj  on  Components,  a = 4 Meters. 
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t Figure  11.  Ph  on  Components,  a * 10  Meters. 
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Aircraft  Survivability  with  Redundant  Systems 


that : 


A heuristic  approach  to  evaluate  of  an  aircraft  with  redundant  systems  shows 


PK  = \ PH  + \ PH 

KssJ}  Hs  hd 


(11) 


where. 


H 2to  o 

x y 


exp 


, . 2 ,2 
1 / a + b 


2 12  2 

0 o 

x y 


A = A of  single  components 
VS  V 


P = P on  single  components 
HS  H 


A^  = A^  of  dual  redundant  components 


P = P on  dual  redundant  components 
HD  H 


Aircraft  dimensions  «-\|ai  + a*  (See  footnote  6.) 


litis  would  demand  changes  to  VAREA8  program  and  other  survivability  simulations. 


"Naval  Weapon!  Center.  VAREA  Computer  Program,  by  Armament  Systems,  Inc.,  China  Lake,  CA,  NWC.  February 
1971.  (6IJTOC./Mlv-71-b-l,  Volume  It,  publication  UNCLASSIFIKD.I 
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L JTCG  for  Munitions  Effectiveness9  defined  Pi/  as: 

KSS 


Pv  - //  Pv(x,y)g(x,y)dxdy 

SS  “ “ 


where  the  Gaussian  damage  functions  is: 


PR(x,y)  » exp 


1 / 2 2 

. I/2L.  + 2_ 

2 Is2  s2 

\ x y 


and  the  bivariant  normal  distribution  is: 


g(x,y) 


2tto  a 


l/(x  - a)" 


The  derived  result  as  used  in  P001  (see  footnote  3)  is: 


2iro  a 
x y 


where. 


S - S 
x y 


A,.  - 2nS  S « 2iro 
v x y x 

However,  if  Pj/__  is  developed  as  follows: 


P at  P p 

rKgs  rK/HrH 


Naval  Weapon!  Center.  Derivation  of  Selected  Kill  Probability  Formulae.  China  Lake,  CA,  NWC,  March  1973. 
(JTCC./ME.72,  publication  UNCLASSIFIED. ) 


A 

P„  = ff  g(x,y)dxdy 
H A 

P 


Now,  if  Ap  « ayo y (sec  footnote  6 for  alternate  criteria): 


then  the  same  as  that  derived  in  P001  (equation  12)  with  only  the  one  assumption.  This 
assumption  becomes  invalid  in  certain  engagements,  but  here  we  go  to  smaller  areas  to  help 
guarantee  validity  in  the  development.  If  a survivability  simulation  program  could  use  an 
algorithm  similar  to  that  used  in  VAREA  to  compute  Ay,  then  it  could  be  represented  as 
follows: 


fm 
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where. 


A is  broken  into  N cells 
P 


\ " A.  P 


4 i K/Ht 


A1  = cell  area 


?K/H  " PK/H  along  3 shotline  on  V 


ASI  (see  footnote  6)  defined  Pr/h  of  a shotline  as: 


P = P + V' 
*K/H  k/H  7 


i + £?  PK/Hi  0 ’ Pk/H*-i) 


for  n components  on  a shotline;  n is  a subset  of  M where  M is  all  aircraft  components. 


Defining: 


where. 


n 

?K/H  " 2 PK/H 
j-1  J 

?K/Hj  “ PK/Hj  " PK/Hj_1^ 


PK/H0  " ° 


If  we  try  to  sum  over  components,  then  for  rth  type  components: 


u 

-L 


r i-i  ri 
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Summing  all  components: 

M 


%S  " ^ \ 


or  for  dual  redundant  systems. 

S 


'SS. 


5 v Sf-.Xs) 


Since. 


\ 


K 2iro  a 

r±  x y 


exp 


2 v2 

1 + A. 

2 \ a2  a2 

x y 


if. 


2 2 

a . « -\  la  +o 

i \/  x y 


from  the  AS1  report  (see  footnote  6)  and  using: 
\ ” ^iPK/H . 


(13) 


then. 


SS„ 


5 v-,*  Sp-W' 


which  is  an  expansion  of  equation  1 1 where, 
S 

‘ E V 


s — 7 r 

r»l 
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This  would  require  changes  in  VAREA  and  other  survivability  simulations.  In  VAREA, 
Av§  and  AV[>  would  have  to  be  coded  while  for  the  survivability  models  Av§  and  Avq 
would  now  be  inputs  and  PRsSp  c°ded. 

Conditional  Validity.  The  formula  for  P|(  of  an  aircraft  with  singly  vulnerable  and  dual 
redundant  components  is  valid  only  if  the  two  events  (kill  of  a singly  vulnerable  component 
and  kill  of  a dual  redundant  system)  are  mutually  exclusive.  This  restriction  is  due  to  the 
implicit  assumption  used  by  ASI  in  equation  13  (see  footnote  6)  and  is  equivalent  to: 


P 


(14) 


This  assumption  implies  that  events  of  A|  and  A2  are  mutually  exclusive. 


For  the  general  situation,  the  ?|ai  U A?)  wou'cl  ^e: 

Vi  “ *2)  ' \ + % ' « *2) 

Based  on  equation  1 5,  the  P|^  is: 

ssD 


(15) 


(16) 


where. 


PR  of  singly  vulnerable  component 


■ PR  of  dual  redundant  vulnerable  components. 


t 
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In  equation  16.  stochastic  independence  is  assumed.  Equation  16  is  equivalent  to: 


1 - 


C ' \)(‘ ' \) 


(17) 


Proof  of  equation  1 7 is  apparent  by  realizing  that  ( 1 PRgy ) ani*  ^ ~ are  °f  the 

singly  and  dual  redundant  vulnerable  components,  respectively. 

Aim  Point  Sensitivity  Study 

The  survivability  assessment  community  has  numerous  AAA  E-models  based  on  various 
levels  of  testing.  In  addition,  the  USAF  Aerospace  Medical  Research  Laboratory  has  a 
man-in-the-loop  tracking  simulator  (System  Effectiveness  Analyzer)  used  as  input  to  a 
survivability  assessment  model.  Since  P001  is  the  primary  model  for  the  TEAS  effort,  error 
sources  that  affect  P^  for  a range  of  velocities  and  crossover  ranges  were  studied.  These  data 
will  aid  in  any  comparison  of  P001  with  other  models  and  simulations  and  in  additional 
testing  programs  such  as  H1TVAL. 

The  attrition  model  error  sources  were  organized  as  follows: 

1.  Tracking  errors 

a.  Azimuth  tracking  dispersion 

b.  Elevation  tracking  dispersion 

c.  Range  tracking  dispersion 

2.  Gun  system  errors 

a.  Processing  errors 

b.  Gun  jitter  dispersions 

3.  Muzzle  velocity  errors 

4.  Projectile  flight  errors 

a.  Ballistic  dispersions 

b.  Atmosphere  dispersions 

5.  Flight  roughness 

a.  X-dispersion  of  aircraft  due  to  rough  air 

b.  Y-dispersion  of  aircraft  due  to  rough  air 

c.  XY  in  mean  intercept  plane. 

The  engagements  were  straight  and  level  flybys  at  100  meters  in  altitude.  Velocities 
were  50,  150,  and  250  m/sec  at  crossover  ranges  of  0,  500,  1000,  and  1500  meters.  A 
Quad  23  AAA  with  optical  tracking  and  radar  ranging  was  used  in  each  engagement. 
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The  data  sets  for  each  engagement  were  defined  as  follows: 

Case  0 - The  nominal  case  without  any  program  changes 

Case  1 - Tracking  errors  zeroed 

Case  2 - Gun  system  errors  zeroed 

Case  3 - Muzzle  velocity  errors  zeroed 

Case  4 - Projectile  flight  errors  zeroed 

Case  5 - Might  roughness  zeroed. 

The  Ay  was  normalized  to  a 1 m^  cross-sectional  sphere. 

The  each  case  i,  i=l,  a relative  change  in  the  for  each  shot  in  the  engagement  was 
calculated  by: 


O 


f 


Sensitivity  i = 


Note  that  Pit  . is  used  in  the  denominator  of  test  i because  the  £ test  i ¥=  i. 

•'•case  i 

Figures  12  through  35  show  the  basic  data  for  each  engagement.  They  are  in 
pairs:  even  figures  are  sensitivity,  and  odd  figures  are  PKss  eac^  s*lot-  Th's  fam‘'y  °f 
graphs  indicates  how  P001  handles  these  errors  and  interaction  of  these  error  sources  as  a 
function  of  velocity  and  crossover  range. 


Modification  to  SIMFIND  2 Time-of-I 


gorithm10 


While  using  SIMFIND  2 in  a vulnerability  assessment  study,  an  apparent  problem  was 
discovered  with  the  time-of-flight  algorithm:  it  was  producing  negative  and  excessively  large 
positive  time-of-flight  values.  After  consulting  IDA,  it  was  concluded  that  the  program  at 
Wright-Patterson  AFB  was  coded  properly,  but  that  the  trajectory  being  used  disclosed  a 
weakness  of  the  algorithm.  This  algorithm  (see  footnote  2)  solves  a fourth  order  equation 
which  cannot  converge  on  the  correct  value  for  high  speeds  and  long  crossover  ranges. 

10 Raytheon  Company.  Modification  to  SIMFIND  2 Time-of  Flight  Algorithm,  by  R.B.  Smith.  Sudbury,  MA,  RC, 
November  1973.  (Memorandum  RBS-73-12.  publication  UNCLASSIFIED.) 
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TIME.  SEC 


Figure  14.  PKss  Sensitivity,  0-Meter  Crossover,  1 50-Meter /Second  Velocity. 


TIME,  SEC 

Figure  1 5.  Pk<js>  0-Meter  Crossover,  1 50-Meter/Second  Velocity. 
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A time-of-flight  algorithm  similar  to  that  used  in  POO  I (see  footnote  3)  was  coded. 
With  SIMRND  2 modified,  flight  times  were  obtained  similar  to  those  from  EVADE  II  and 
POOI.  Appendix  A contains  the  input  to  SIMFIND  2.  To  simulate  a Quad  23  (which  is 
assumed  to  have  an  electronic  fire  control  system),  the  dispersions  for  climb  angle  and 
course  angle  were  set  to  2 degrees  and  the  range  error  at  5 percent.  The  trajectory  used  was 
straight  and  level  at  5000  feet  with  a 2000-foot  crossover  at  430  knots. 

Typical  engagement  results  with  the  modified  and  unmodified  SIMFIND  2 time-of- 
flight  algorithm  are: 

Number  of  Kills  Standard 

per  1 000  Sorties  Deviation 

Modified  8.8  2.5 

Unmodified  0.41  0.58 

The  SIMFIND  2 program  was  modified  by  deleting  subroutine  NEWT  and  substituting 
subroutine  GUNAIM  as  coded  in  Appendix  B. 


MISSION  C-E  METHODOLOGY 

METHODOLOGY 

Figure  36  shows  a simplified  TEAS  attrition  model.  With  the  output  data,  mission 
tradeoffs  can  be  performed  and  judgments  can  be  made  concerning  the  merits  of  given 
aircraft  survivability  features  in  the  context  of  a complete  mission.  Herein  are  the 
methods' 1 by  which  the  results  can  be  extended  to  yield  information  on  mission 
relationships.  Included  are  a description  of  the  general  approach  (Table  2)  and  discussions  of 
mission  inputs  and  tradeoffs,  engagements,  and  mission  C-E. 

Mission  Inputs 

Required  inputs  are  listed  in  Table  3.  Initially,  to  simplify  the  mission  model,  all 
aircraft  parameters,  except  fuel  and  weapon  load,  remain  constant  throughout  the  mission 
(e.g.,  no  effect  of  damage  on  detailed  aircraft  flight  characteristics).  Kill  categories  must  be 
standard,  such  as  those  prepared  by  the  Vulnerability  Assessment  Quantification  Panel 
(Aerial  Taiget  Subgroup)  for  the  JTCG/ME  Target  Vulnerability  Group.  These  kill 
categories  reflect  various  levels  of  combat  damage  described  in  terms  of  time  within  which 
the  aircraft  falls  out  of  manned  control,  is  forced  to  land,  or  is  unable  to  complete  the 
mission,  and  time  to  repair.  Pj(  and  Ay  data  for  a particular  aircraft  must  be  supplied  as 
inputs  to  the  E-model.  Furthermore,  to  obtain  mission  cost  outputs,  data  on  aircraft  repair 
times  and  costs  for  the  various  levels  of  mission  availability  must  be  obtained  from 
applicable  Technical  Orders,  Technical  Bulletins  and  Regulations,  or  from  manufacturer 
estimates  for  new  developments. 

1 'Raytheon  Company.  A Minion  Effectiveneu/SurvivtbMity/Cott  Methodology  for  the  TEAS  Hmgrtm,  by 
L.R.  Doyon,  Sudbury.  MA,  October  1973.  (Publication  UNCLASSIFIED. i 
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INPUTS: 


MISSION  SURVIVABILITY 


MISSION  EFFECTIVENESS 


MISSION  COST 


Figure  36.  Overview  of  Proposed  Mission  C-E/Survivability  Methodology. 


Tabic  2.  General  Methodology  Approach. 


Problem 

Given 

Determine 

1 

a.  Specific  aircraft  configuration 

b.  Specified  mission  scenario 

Aircraft  survivability 
mE 

Mission  costs 

Mission  C-E 

2 

a.  Specified  mission  scenario 

b.  Given  aircraft  or  type  of 
aircraft 

c.  Set  of  candidate  configu- 
rations or  features 

Most  C-E  configuration,  (or  combination 
of  features)  for  carrying  out  the  mission 

OR 

Aircraft  configuration  (or  combination  of 
features)  yielding  highest  survivability  for 
given  mission  costs. 

O 
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Table  3.  Required  Mission  Inputs. 


Category 

Input 

Aircraft  and  its  configuration 

Flight  performance  parameters 
Vulnerability  data 

Payload 

Fuel 

Cost  data,  accountable  items  re- 
quired for  mission 

AAA  threat 

Defined  defence  systems  to  be 
encountered 

Locations 

Dispositions 

Mission  scenario 

Defined  objective 

Environmental  and  terrain  factors 
Flightpath  and  mission  profile 

Weapon  delivery  tactics 

The  inputs  should  be  the  product  of  a skilled  mission  planner.  The  methodology  then 
provides  for  quantitatively  evaluating  the  results.  Knowledge  of  these  results  provides 
feedback  to  the  mission  planner  that  enables  him  to  score,  rate,  and  improve  planning 
capabilities.  Also,  vulnerability  reduction  features  may  not  of  themselves  improve  mission 
results;  they  may  provide  only  capabilities.  These  capabilities  may  have  to  be  exploited  by  a 
mission  planner  to  realize  mission  benefits. 

Mission  Tradeoffs 


The  mission  planner  has  many  parameters  to  juggle  to  suit  a particular  set  of 
circumstances,  including: 

1 . Distance  from  base  to  target 

2.  Weight  of  payload  to  be  delivered 

3.  Size  of  target  (accuracy  required) 

4.  Time  interval  for  making  delivery 

5.  Anticipated  opposition 

6.  Environmental  and  terrain  factors 

7.  Resources  available 

a.  Aircraft  capabilities 

b.  Number  of  aircraft 

c.  Air  crews 

d.  Ground  crews 

e.  Repair  and  maintenance  facilities 

f.  Repair  parts 

8.  Contingencies 
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For  example,  mission  costs  may  be  determined  as  a function  of  aircraft  vulnerability 
reduction  features,  while  maintaining  constant  M^.  This  would  entail  the  assignment  of 
additional  aircraft  with  payloads  sufficient  to  compensate  for  those  lost  to  the  defense 
system.  The  weight  penalty  imposed  by  vulnerability  reduction  hardware  would  be  directly 
translated  into  a reduction  in  fuel  and/or  payload. 

Tradeoffs  may  also  be  made  between  assigning  multiple  aircraft  to  deliver  payloads  in  a 
single  sortie  and  the  turnaround  and  reuse  of  fewer  aircraft.  For  a given  configuration,  the 
mission  planner  can  alter  the  allocation  of  fuel  and  payload,  and  thus  vary  the  total  number 
of  trips  to  the  target  to  deliver  a payload. 

Except  for  the  actual  effect  of  the  defense  system  on  aircraft  attrition,  the  mission 
costs  for  a given  aircraft  configuration  in  a given  mission  scenario  can  be  estimated  in 
advance  (including  estimated  attrition).  Normally,  this  is  done  by  the  mission  planner  as  he 
formulates  the  plan.  Exercise  of  the  model  permits  an  objective  evaluation  of  the  results, 
which  are  a consequence  of  both  the  aircraft  configuration  and  how  effectively  the  planner 
has  exploited  it. 

Mission  - A Series  of  Engagements 


Figure  37  shows  a mission  comprising  a series  of  individual  engagements  (Ej, 
F-2, . . . En).  Inputs  to  each  engagement  are:  (1)  local  conditions  and  aircraft  flightpath 
called  for  by  mission  scenario,  (2)  results  of  any  earlier  engagements  (e.g.,  survival  status), 
and  (3)  analytically  determined  changes  (such  as  reduction  in  weight  due  to  fuel 
consumption  or  weapon  delivery)  that  have  occurred  during  prior  intervals  of  flight. 
Adjustments  are  made  also  for  possible  mutual  coupling  effects  between  engagements.  For 
example,  Pq  (probability  of  detection)  and  Ph/D  (probability  of  hit  if  detected)  at  an  AAA 
site  farther  along  the  flightpath  may  be  higher  than  that  at  a prior  site  as  a result  of  earlier 
alerting  of  the  gun  crew. 

Results  of  each  engagement  are  evaluated  in  succession  to  determine  aircraft  status, 
e.g.,  whether  it  has  survived  and  can  proceed  to  the  next  engagement;  or  if  killed,  the  kill 
category,  and  whether  it  was  able  to  deliver  weapons  before  kill.  Then  the  results  are 
gathered  and  processed  to  yield  a measure  of  mission  performance  and  cost. 

Alternatively,  to  facilitate  assessment  of  the  mission,  a variety  of  E-models  may  be 
standardized  and  corresponding  Pj(  evaluated  statistically  in  advance  and  entered  in  a 
look-up  table.  A mission  could  be  assessed  then  by  selecting  E-modcls  that  apply,  and 
gathering  and  processing  their  predetermined  Pr  in  the  proper  sequence  (Figures  38 
and  39). 
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Figure  38.  Engagement  by  Kill  Category. 
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Figure  39.  Mission  by  Kill  Category. 


E-Mod  el 


As  mentioned  earlier,  inputs  to  the  E-model  (Figure  1 ) are  tailored  for  the  particular 
engagement  and  aircraft  status  at  that  point  in  the  mission.  Required  outputs  include 
individual  P^  (statistically  determined  from  a number  of  passes)  for  each  of  the  established 
kill  categories  and  for  the  engagement  during  which  the  payload  is  supposed  to  be  delivered. 
Time  history  is  required  also  to  indicate  when  the  kills  (if  any)  occurred.  These  outputs 
enable  subsequent  assessment  of  aircraft  survivability,  Mg,  and  costs.  For  example,  for  a 
mission  consisting  of  n engagements,  each  of  which  yields  an  individual  P«j: 


Psi  ' 1 ' (Pdi)(Ph/di)(Pk/hi) 


the  Ps 


M 


(probability  aircraft  will  survive  mission)  is: 


n 

IT 

i-1 


1-1  1 ' (Pdi)(Ph/di)(Pk/»i) 


n 

IT 

i-1 
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Mission  C-E 

C-E  is  a measure  of  benefits  to  be  derived  from  resources  expended  and  comprises  Mg 
and  costs.  Mg  is  a measure  of  the  completeness  with  which  mission  objectives  are  carried 
out.  Determination  of  Mg  and  costs  (Table  4)  is  accomplished  by  feeding  the  outcome  of  all 
engagements  into  a mission  model  such  as  that  shown  in  Figure  40.  Mg  is  established 
primarily  from  the  ability  or  inability  of  the  aircraft  to  deliver  its  payload.  Successful 
delivery  of  the  payload  is  based  on  whether  the  aircraft  is  killed,  type  of  kill,  the  time  of 
kill,  and  time  of  payload  delivery.  For  example,  damage  may  degrade  delivery  accuracy  or 
only  a portion  of  the  payload  may  fall  withm  the  designated  target  area.  An  aircraft  kill  may 
also  induce  delays  that  prevent  delivery  of  payload  within  the  specified  time  interval. 

Mission  costs  are  based  on  whether  the  *raft  survived  the  mission  and  returned  to 
base,  extent  of  damage  (if  any),  etc.,  as  determined  from  kill  categories,  time  (and  location) 
of  kill,  fuel  remaining,  and  aircraft  characteristics.  Since  costs  include  time  and  skilled 
personnel  as  well  as  materials,  the  cost  model  includes  factors  needed  to  convert  the  costs  to 
a common  unit. 

After  Mg  and  costs  have  been  independently  established,  these  factors  can  be  input  to 
an  appropriate  model  and  combined  to  yield  a single  FOM  (figure-of-merit).  This  single 
index  can  facilitate  comparison  of  alternate  models.  However,  a minimum  acceptable  level 
of  Mg  must  be  exceeded  for  a C-E  ratio  to  have  meaning.  Otherwise,  a system  with  very  low 
Mg  but  close  to  zero  cost  might  be  scored  very  high. 


Table  4.  Mg  and  Costs. 


Factor 

Description 

Objectives 

Deliver  given  payload  on  specified  target  within 
given  time  interval 

Actual  payload  delivered  on 

Mg 

target  within  given  time  interval  t 

Mission  objective 

Costs 

All  costs  incurred  in  carrying  out  mission  and  re- 
storing to  initial  conditions: 

Payload 

Fuel 

Personnel 

Facilities 

Repairs 

Turnaround 

Retrieval,  etc. 
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Figure  40.  Mg  and  Cost  Relationships. 
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MISSION  C-E  MODEL 
Method 


There  is  no  single  correct  C-E  model.  However,  all  methods  used  in  the  various  models 
require  the  FOM  to  be  expressed  as  a value  between  zero  and  unity.  Thus,  all  input 
parameters  have  to  be  expressed  as  probabilities  or  as  parameters  normalized  against  a 
reference.  Of  the  many  methods,  WESIAC  was  selected  for  this  study.  For  the  WESIAC 
method,  the  states  of  the  system  are  defined  and  calculated  at  all  critical  stages  and  points  in 
time  of  interest.  Each  state  must  be  identified  as  being: 

1 . Steady-state 

2.  Temporary-transient  state 

3.  Indefinite-transient  state. 

In  addition,  the  following  must  be  identified  and  defined  for  each  mission: 

1 . Constraints,  restrictions,  limitations,  and  boundaries 

2.  Risks  and  uncertainties 

3.  Decision  criteria  for  mission  success 

4.  FOM. 

Definitions 

The  following  symbology /definitions  are  used:* 

A = Availability  - A probability  parameter;  a measure  of  system  condition  at  the 
start  of  a mission;  a measure  of  operational  readiness  as  a function  of 
turnaround  time;  a function  of  relationships  among  hardware,  personnel,  and 
procedures  for  equipment  maintenance  and  repair. 

C = Costs  - Manpower,  material,  and  time  expressed  in  dollars  (for  convenience); 
comprises  nonrecurring  (investment  or  fixed)  and  recurring  (annual  operating) 
costs. 

D = Design  Capability  - A probabilistic  parameter  or  a deterministic  design- 
performance  parameter  which  is  fixed  for  each  mission;  measure  of  system 
ability  to  achieve  mission  objectives,  given  system  condition  during  the  mission 
(design  adequacy);  specifically  accounts  for  performance  spectrum  of  the 
system. 

L = Leverage  Effects  - Influences  in  terms  of  benefits  and  cost  impacted  on  other 
systems  in  the  vicinity  by  the  given  system.  For  example,  close  air-support  to 
ground  troops  is  in  essence  the  use  of  air  artillery.  Hence,  it  has  an  impact  on 
the  types  and  quantity  of  targets  for  ground  artillery. 


*lrnr  continent  picaenniion,  (hit  report  modiflet  WESIAC  tymbolagy,  e«.,  C « coit,  D » design  cepebiity. 
R - reliability  (replaces  dependability),  and  P if  tried  for  prime  lymbol  in  all  probability  termi 
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R = Reliability  - A probability  parameter;  a measure  of  system  condition  at  one  or 
more  points  during  the  mission,  given  the  system  condition  at  the  start  of  the 
mission;  a measure  of  aircraft  P$  as  a function  of  mission  time. 


Sj.  = System  Effectiveness  - Measure  of  the  extent  to  which  a system  may  be 
expected  to  achieve  a set  of  specific  mission  requirements;  thus 
Sf.;  = f (A,  R.  D). 

(Sp,  L) 

C-h  - f — 


Categorizing  E-Model  Inputs 

Whether  an  input  fits  into  the  numerator  or  denominator  of  the  C-E  equation  depends 
on  whether  it  is  described  in  terms  of  a benefit  derived  or  a resource  expended.  From  the 
generalized  relationship: 

j.  _ j-  (A,  R,  D.  L)  _ j.  (benefits  derived) 

C 1 (resources  expended) 

note  that  C in  terms  of  expenditures  is  a resource  expended,  hence  is  always  in  the 
denominator. 

Some  factors  identified  in  Table  3 are  not  input  factors  but  constraints  to  input  factors 
or  the  E-model  as  a whole.  An  example  is  the  flightpath.  Others  are  operations  converting  a 
resource  into  a benefit.  An  example  is  survivability  determination. 

Tables  5 and  6 categorize  the  input  factors  identified  in  Table  3 and  by  Princeton1 2 
into  A,  R,  and/or  D basic  parameters,  and  whether  they  are  benefits  (numerator)  or 
resources  expended  (denominator)  factors.  Note  that  most  A-factors  are  strictly  A,  while 
many  R-  and  D-factors  fall  into  both  R-  and  D-categories;  logically,  reliability  (survivability) 
is  a function  of  design. 

The  input  factors  in  Tables  5 and  6 are  simply  first  attempts  at  identifying  the  inputs. 
Die  list  is  not  complete;  many  more  inputs  need  to  be  identified. 

Mathematical  Modeling 

BASIC  PRINCIPLES.  Having  defined  the  system  states,  A and  R emerge  as  sets  of 
first-order  differential  equations  if  and  only  if  the  restoration  (and/or  repair,  maintenance, 
etc.)  rates  for  A and  the  failure  (and/or  damage,  etc.)  rates  for  R are  all  constant  in  time  and 
their  arrival  times  follow  a Poisson  probability  law.  However,  experience  shows  that  even  if 
restoration  and  failure  rates  can  be  treated  as  constant  in  time,  the  arrival  times  often  follow 
probability  laws  more  complex  than  the  simple  Poisson  distribution.  Thus,  the  mathematical 
models  for  A and  R are  more  complex  than  simple  sets  of  first-order  differential  equations. 
For  this  reason,  computer  simulation  usually  is  required. 

* 'Princeton  University  Press.  Applied  Dynamic  Programming,  by  R.l . Bellman  and  S.E.  Dreyfua  1962.  (Pane  66, 
publication  UNCLASSIFIED.) 

53 


I 


I 


JTCG/ AS-7  5-S-002 


m 


Table  5.  Input  Factors  for  Aircraft. 


Input  factor 

Category 

Benefit 

Resource 

Constraint 

Operation 

A 

R 

D 

Previously  described: 

Flightpath  and  altitude 

Damage  level 

Ability  to  deliver  weapon 

X 

X 

X 

X 

X 

X 

Knowledge  of  weapon  track 

X 

Knowledge  of  weapon  launch 

F.vasive  maneuver 

X 

X 

Countermeasures  model 

X 

Vulnerability  model 

X 

Survivability  determination 

X 

Aircraft  repair  model 

X 

Aircraft  turnaround  model 

X 

Ability  to  return  to  base 

Mission  time  history 

X 

X 

Additional: 

' 

Type  of  mission 

X 

Length  of  mission 

X 

F.nvironment,  terrain,  weather 

Superior  training,  skills  of 
repairmen 

High  level  of  spare  parts 

X 

X 

X 

Abundance  of  test  equipment 

X 

X 

Large  repair  crew  size 

X 

X 

High  quality  and  abundance 
of  tools 

X 

X 

Superior  repair  manuals 

X 

X 

Logistic  delays 

X 

X 

0 


J 


* 


' 
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Table  6.  Input  Factors  for  Kncmy  AAA. 


Input  (actor 

Category 

Benefit 

Resource 

Constraint 

Operation 

A 

R 

D 

Previously  described: 

PD 

X 

X 

X 

Acquisition/tracking 

X 

X 

X 

probability 

Weapon  firing/launch 

X 

X 

X 

probability 

Fuzing  probability 

X 

X 

X 

PK 

X 

X 

Miss-distance  probability 

X 

X 

Trajectory  computation 

X 

Defense  detection  and 

X 

acquisition  models 

Tracking  model 

X 

Fire  control  model 

Weapon  firing/launching 

X 

model 

Lethality  model 

X 

Kill-class  hit  distribution 

X 

Additional: 

Superior  training,  skills  of 

X 

X 

repairmen 

High  level  of  spare  parts 

X 

X 

Abundance  of  test  equipment 

x 1 

X 

1 -arge  repair  crew 

X 

X 

High  quality  and  abundance 

X 

X 

of  tools 

Superior  repair  manuals 

X 

X 

Logistic  delays 

X 

X 
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I)  can  be  a mixture  of  probabilistic  indices  and  normalized  performance  parameters. 


Thus,  a C-E  model  for  a reasonably  simple  system  can  be  extremely  complex.  Even 
when  the  input  data  are  on  hand  (which  is  seldom),  much  expertise  is  required  to  have  the 
model  fit  reality.  For  example,  even  when  all  three  basic  parameters  A,  R,  and  D are  clearly 
defined  and  accurately  represented  mathematically,  costs  associated  with  each  have  to  be 
weighted  to  reflect  proper  balance  between  the  net  worths  of  A,  R,  and  D.  If  the  system  of 
interest  is  affected  by  another  system,  such  as  an  aircraft  encountering  hostile  AAA,  it  is 
important  that  the  two  systems  be  modeled  separately  with  their  opposing  forces 
represented  accurately.  Therefore,  when  representing  C-E  mathematically,  the  Pp  (proba- 
bility of  effectiveness)  model  usually  is  developed  free  of  the  cost  factor,  holding  cost  in 
abeyance  until  the  FOM  is  calculated.  Another  practice  is  to  assume  temporarily  no 
interactions  between  A,  R,  and  D.  In  truth,  interactions  do  exist,  and  have  to  be  factored 
into  the  model  before  the  model  is  finalized. 


GENERAL  PF  MODEL  WITHOUT  CM  AND  ENEMY  AAA.  An  aircraft  without  CM 
flying  a mission  with  no  enemy  resistance  would  have  the  following  Pp: 


Ao/ 


i\r,  [,:.■■!) 


(18) 


where 


P»  it  - probability  designated  aircraft  is  available  for  flight  at  start  time  t\  of 
^ ' mission,  given  it  was  being  serviced  at  mission-alert  time  tq 

P a /r  = probability  designated  aircraft  is  available  for  flight  at  start  time  rj  of 
' * mission,  given  it  was  ready  at  mission-alert  time  tq  and  might  have  one  or 

more  malfunctions  since 

Pg  = probability  of  survival  (reliability),  for  i**1  out  of  n scenarios  of  a given 
^i/Ti  mission,  given  aircraft  was  operative  initially,  which  requires  satisfactory 
performance  of  m aircraft  design  features 

Djj  = performance  capability  of  j**1  out  of  m aircraft  design  features  for  i 1,1 
scenario  of  given  mission 


GENERAL  Pt.  MODEL  WITHOUT  CM  BUT  WITH  ENEMY  AAA.  The  Pp/p 
(probability  of  aircraft  effectiveness  given  AAA  fire)  but  without  CM  is: 


P 


E/F 


(19) 
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where: 


P| . = aircraft  effectiveness  probability  during  a single  scenario  when  no  enemy 
1 AAA  is  encountered  and  no  CM  aboard 

Pj./p.  = aircraft  effectiveness  probability  during  a smgle  scenario  when  enemy 
1 AAA  is  encountered  but  no  CM  aboard 


pKAAAj 

n1 


enemy  AAA  effectiveness  probability  during  a single  scenario 
number  of  scenarios  in  a given  mission  when  no  AAA  is  encountered 


n 2 = number  of  scenarios  in  a given  mission  when  identical  or  similar  enemy 
AAA  is  engaged  in  an  identical  or  similar  fashion. 


Expanding  equation  19: 
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r 

where: 

PF, 

PE/Fj 

probability  that  AAA  is  inoperative  at  time  of  attack  by  aircraft 
probability  that  AAA  is  operative  at  time  of  attack  by  aircraft 
probability  of  no  detection  by  enemy 
probability  of  detection  but  no  acquisition  by  enemy 

probability  of  detection  and  acquisition  but  no  successful  hits  in  8 shots  by 
enemy 

and  where: 

aircraft  reliability  degradation  factor  caused  by  enemy  AAA  fire 
aircraft  design  capability  degradation  factor  caused  by  enemy  AAA  fire 

**det/Ta  ^det  /ra  = probability  of  detection  by  enemy,  where  Rdet/r. 
is  reliability  of  detection  and  D,jet  / Ta  is  detection  design  capability  of 
enemy  for  range,  speed,  altitude  and  type  of  attacking  aircraft  during 
time  ra 

^acq/ra  ^acq /r  = probability  of  acquisition  track  by  enemy  where 
Racq/ra  >s  reliability  of  acquisition  track  and  Dacq/ra 's  acquisition 
track  design  capability  of  enemy  during  time  ra 

probability  of  enemy  AAA  successful  firing  of  single  shot 

number  of  enemy  AAA  shots  during  attack  time  ra 


GENERAL  Pk/F  MODEL  WITH  CM.  If  an  aircraft  is  equipped  with  CM,  equa- 
tions TT9T-aruTT^0)are—modlTjeTTbr~thIF  additional  equipment  to  provide  Pg/F/CM 
(probability  of  aircraft  effectiveness  given  enemy  AAA  fire  and  CM  aboard): 


piet/ra  = 

pucq/ra  = 

PpSS  = 
8 = 


1 = 
2 = 

3 = 

4 = 

5 = 

6 = 
7 = 


I 


* 


I 


r 


c 


G 
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where: 

= aircraft  effectiveness  probability  during  a single  scenario  when  no  enemy 
AAA  is  encountered,  with  CM  aboard.  NOTE:  Aircraft  operational  readiness 
factor  A must  include  failure,  repair,  maintenance  and  tum-around  time  of 
CM  equipment.  Parameters  C and  D may  be  affected  if  added  cost  and  weight 
of  the  CM  are  significant  factors  (e.g.,  reduce  speed  and  maneuverability  of 
aircraft). 

**E/Fj  = aircraft  effectiveness  probability  during  a single  scenario  when  AAA  is 
encountered  with  CM  aboard.  NOTE:  Survivability  parameter  R must 
include  failure  rate  of  CM  equipment. 

kcM  = degradation  factor  for  enemy  radar  in  detecting  and  acquiring  attacking 
aircraft  when  CM  is  used.  More  precisely,  kcMdet  = degradation  factor  due 
1°  pdet/ra  and  kCMaCq  = as  degradation  factor  due  to  PaCq  /ra  in 
equation  (20). 

Application 


ADDITIONAL  DEFINITIONS.  Following  notation  already  adopted: 


1 - | 1 - Pfl/detj  | = probability  of  at  least  one  hit  from  C shots  by  enemy  AAA 

\ / during  i1*1  engagement,  given  that  aircraft  was  detected 

The  symbol  PK/Hj  (probability  of  kill  given  a hit  during  i^1  engagement)  is  too  general 
in  that  there  are  five  kill  levels  in  the  attrition  category.  Thus,  more  specifically,  let: 


PKKK/Hj 

PKK/Hj 


probability  of  aircraft  disintegrating  immediately  (KK-kill)  upon  being  hit 

probability  of  aircraft  falling  out  of  manned  control  within  30  seconds 
(K-kill)  after  being  hit 


PKA/H; 


probability  of  aircraft  falling  out  of  manned  control  within  5 minutes 
(A-kill)  after  being  hit 


PK 


B/Hj 


probability  of  aircraft  falling  out  of  manned  control  within  30  minutes 
(B-kill)  after  being  hit 


PKp/H  = Probability  of  aircraft  remaining  within  manned  control  after  being  hit 
1 and  returning  to  base,  but  damage  makes  it  uneconomical  to  repair 
(E-kill),  thus  is  lost  to  inventory. 


For  A-  and  B-kills,  the  probability  that  the  engagement  is  close  enough  to  the  aircraft 
base  that  the  damaged  aircraft  would  return  to  its  base,  saving  the  aircraft  and  its  crew,  is: 

p(r  < 5)j  = 1 if  aircraft  at  ith  engagement  is  within  5 minutes  of  flying  time  from 
its  base,  given  it  sustained  A-kill  damage  at  this  engagement 

= 0 otherwise,  i.e.,  r > 5 minutes 
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P(r  < 30  )j 


1 if  aircraft  at  i1*1  engagement  is  within  30  minutes  of  flying  time  from 
its  base,  given  it  sustained  B-kill  damage  at  this  engagement 


= 0 otherwise,  i.e.,  r > 30  minutes 

For  K-  or  lesser-kill,  the  crew  could  exercise  the  emergency  ejection.  Therefore,  let: 


P = probability  that  emergency  ejection  system  operates  satisfactorily  so  crew 
member  survives. 


There  is  a category  of  damages  less  severe  than  E-kill  where  the  aircraft  is  salvageable 
and  MA  (mission  available)  after  an  elapsed  time  for  repair: 

PMA  = probability  that  aircraft  will  MA  after  x hours  of  time  for  repair. 

For  an  E-  or  lesser-kill  where  the  aircraft  is  salvageable  but  requires  a forced  landing, 
survivability  of  the  aircraft  and  crew  is  jeopardized.  For  this  situation  let: 

PLf  = probability  that  Lf  (forced  landing)  will  be  successful  without  injury  to  crew 
j and  without  significant  additional  damage  to  aircraft  for  damage  levels  j - A, 
B,  E,  and  MA. 

For  the  aircraft  which  has  not  completed  its  designated  mission: 

F_mt  = engagement  at  mission  target 

EjJjt  = fi^  P^t  of  engagement  from  time  aircraft  arrives  within  range  of  enemy  AAA 
at  mission  target  until  bomb  release 

F.^Jj  = second  part  of  engagement  from  time  aircraft  has  released  its  bombs  until  it 
leaves  range  of  enemy  AAA  at  mission  target. 

Pms  (probability  of  mission  success)  is  a function  of  the  product  of  probabilities  from 
the  time  the  aircraft  is  selected  for  the  mission  up  to  and  including  Ej^j.  Whether  the 
aircraft  survives  enemy  AAA  after  bomb  release  or  not  affects  C-E,  but  not  MS.  Thus: 


Pms  = f (A,R,D)  for  Ej  through  E^j 

so  tha*. 


O 
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t 


C 


« 


Two  levels. 

tyabort/no  kill)  = oyent  where  aircraft  aborted  its  mission  because  of  damage 
sustained  but  was  able  to  return  to  base  and  land  safely;  hence, 
aircraft  is  not  loss  to  inventory 

^(abort/kill ) = evcn*  where  aircraft  aborted  its  mission  because  of  damage  so 
severe  that  it  was  not  able  to  return  to  its  base  and  land  safely; 
hence,  aircraft  is  loss  to  inventory 

do  not  require  separate  mathematical  terms  or  symbols  for  the  mathematical  model  of 
system  effectiveness  because  they  are  considered  in  previous  terms  and  symbols.  The  abort 
event  is  included  when  basic  parameter  R is  considered  for  up  to  the  (F-MT'*^*1 
engagement.  The  no  kill  and  kill  features  are  considered  in  KK-  to  E-kill  probabilities  and 
the  probabilities  for  the  events  when  no  kill  occurs. 

Other  expressions  not  previously  defined  are: 


= probability  that  designated  aircraft  is  operative  and  available  for  flight 
any  instant  of  time 


P$  of  aircraft  without  enemy  AAA  fire,  for  flying  timer  from  (i-l)**1 
engagement  (which  could  be  from  takeoff  if  no  engagements  have  taken 
place  yet)  to  ilh  engagement  (time  between  engagements). 


MATHEMATICAL  MODEL  FOR  TYPICAL  PROBLEMS.  It  is  now  possible  to  write 
part  of  general  Mj;  mathematical  model  for  typical  problem  1 of  Table  2 for  one  aircraft  of 
a specific  configuration  and  for  a specific  mission  scenario.  Consider  only  the  PSj  of  the 
aircraft  for  a single  engagement  with  the  enemy  AAA  fire.  For  simplicity,  temporarily 
assume: 

l Operational  readiness  of  designated  aircraft  is  absolute  when  called  upon  for 
takeoff,  viz  P^  = 1.0 

2.  P<;  of  aircraft  in  flight  between  engagements  and  in  an  engagement  when  no  enemy 
AAA  is  present  are  absolute, 

viz  Pc  = 1 .0,  Pcc  i =1.0 

^(i-U)  ^i/Tj 

3.  D of  chosen  aircraft  is  absolute  for  ith  engagement,  viz 
m 

j»l  Djj  = 1.0  (See  Equation  IS.) 
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4.  If  enemy  equipment  AAA  is  inoperative  or  operationally  not  ready  at  time  aircraft 
is  detected  by  enemy,  he  will  have  no  chance  to  repair  his  equipment  in  time  to 
engage  aircraft 

5.  D of  enemy  AAA  is  absolute  for  ith  engagement,  viz 

DAAAj  = 10 

Hven  with  these  simplifying  assumptions,  the  model  comprises  12  terms: 


where: 


] = probability  enemy  AAA  is  not  operationally  ready 

2 = probability  enemy  AAA  is  operationally  ready 

3 = probability  aircraft  is  not  detected 


JTCG/ AS-7  5-S-002 


4 = probability  aircraft  is  detected  but  no  hits  occur  in  8 shots;  Rand  Dare 

degraded  by  k and  kp 

5 = probability  aircraft  is  detected;  R and  D are  degraded 

6 = probability  at  least  one  hit  occurs  in  8 shots 

7 - probability  each  hit  is  not  KK-kill 

8 = probability  each  hit  is  not  K-kill 

9 = probability  each  hit  is  not  A-kill 

10  = probability  if  each  hit  is  A-kill,  aircraft  is  within  5 minutes  flying  time  from 

base 

11  = probability  each  hit  is  not  B-kill 

12  = probability  if  each  hit  is  B-kill,  aircraft  is  within  30  minutes  flying  time  from 

base 


If  an  aircraft  that  has  sustained  an  A-  or  B-kill  is  to  return  to  base  immediately,  then 
including  terms  10  and  I 2 in  equation  (19)  means:  if  the  i*b  engagement  is  prior  to  the 
F-MT'  then  PSj  includes  the  probability  of  a safe  mission  abort. 

For  mission  success,  the  aircraft  cannot  abort  until  after  event  E^-p.  Therefore. 
under  this  restriction  is: 


where : 

pSj/0 

Ps(emt) 


P$  of  aircraft  with  no  abort  for  i*h  engagement 
all  terms  of  equation  (22)  except  10  and  12 
P$  of  aircraft  during  its  bombing  run  over  its  MT 

first  seven  terms  of  equation  (22)  on  assumption  aircraft  can  complete  its 
bombing  run  and  mission,  even  if  hit,  as  long  as  hit  is  not  a KK-kill. 


If  no  engagements  are  made  with  enemy  AAA  prior  to  reaching  the  MT,  then  the 
probability  of  event  occurring  = 1 and: 


MS  ” f (Ps(Emt)) 
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If  no  engagements  are  made  with  enemy  AAA  at  any  time  before  completion  of  the  aircraft 
bombing  run,  then  either: 

Pdetj  = 0 

if  enemy  AAA  exists  but  is  not  put  into  action,  or: 

PAAAA  = 0 

if  no  enemy  AAA  is  operationally  available.  In  either  case: 

PSj  = io 

in  equation  (22),  and  hence: 

Ps(emt)  = 10 

Defining  P^  as: 


4 


where: 

1 = probability  of  a spare  of  same  configuration  is  ready 

2 = probability  no  spare  is  ready 

3 = probability  designated  aircraft  survived  previous  mission  without  damage,  or 

survived  with  damage  that  can  be  repaired  before  alert  for  next  mission;  for 
n engagements  with  enemy  AAA  fire  in  a previous  mission: 

(ji  Psi  / Di) 

4 = probability  aircraft  is  not  ready  at  alert  time  rg,  but  it  can  be  repaired  in  time 
to  go  on  mission  rx  hours  hence 
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^Sj/Dp  = first  four  terms  of  equation  (22) 


t 


where: 

1 = 2 of  equation  (22) 

2 = 5 of  equation  (22) 

3 = 6 of  equation  (22) 

4 = 10  of  equation  (22) 

5 = probability  of  landing  safely  after  A-kill  damage  and  being  repaired  in  x hours  in 

time  for  this  mission 

6 = 1 2 of  equation  (22) 

7 = probability  of  landing  safely  after  B-kill  damage  and  being  repaired  in  x hours  in 

time  for  this  mission 

8 = probability  that  damage  was  not  E-kill 
Defining: 


probability  of  landing  safely  after  A-  or  B-kill  but  not  E-kill  and  is 
repaired  and  becomes  mission  available  in  x hours; 
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since  I’s/Dj  >s  constrained  to  turnaround  time  being  no  greater  than  x hours.  NOTE: 
x hours  is  elapsed  time  from  landing  of  aircraft  until  repair  is  complete,  which  can  be  less  or 
more  than  the  elapsed  until  it  is  demanded  again  for  another  mission.  Now  if  r is  the  elapsed 
time  from  when  the  demand  is  made  (alert)  until  the  new  mission  is  completed: 


PA  /r,/D, 


probability  that  the  aircraft  will  be  repaired  in  time  for  its  new  mission 
flight  takeoff  time  after  being  damaged  during  its  flight  but  has  not 
been  repaired  and  is  not  demanded  for  another  mission  effort. 


Since  Pa/tj  /Di  concerns  itself  with  the  residue  of  Pmax-  whether  P\/t\/D\ 
takes  on  values  of  significance  or  not  depends  on  several  factors,  such  as  elapsed  times 
between  mission  demands  requiring  this  particular  aircraft  configuration,  number  of  spare 
aircraft  of  this  configuration,  working  efficiency,  speed,  skills  and  size  of  repair  crews  under 
normal  versus  emergency  conditions,  tools  and  support  equipment.  Such  an  analysis  involves 
the  use  of  queuing  theory  which  is  beyond  the  scope  of  this  study. 

The  third  basic  parameter  D,  (assumed  to  be  units)  is  the  parameter  involving  trade-off 
decisions  with  respect  to  the  other  parameters,  A.  R and  C.  It  is  so  extensive  in  scope,  it  is 
the  subject  of  another  study  and  report.  In  the  interim  the  use  of  Dynamic  Programming 
paragraph  presents  a skeleton  example  of  how  this  parameter  could  be  treated  in  the 
trade-offs. 


Another  principal  topic  to  complete  the  Sg  inputs  is  the  effectiveness  of  the  bomb 
payload.  Its  treatment  can  be  a separate,  but,  as  a dependent  function: 

S * f(A,  R,  D)  ^*^bomb,  ^bomb^ 


or  jointly  as  was  done  for  the  enemy  AAA  in  this  report. 

Use  of  Dynamic  Programming 

Dynamic  programming  is  suited  for  the  optimal  and/or  maximum  return  design 
trade-off  decisions  that  will  have  to  be  made  in  the  TEAS  program.  Dynamic  programming 
offers  systematic,  reasonably  simple  tum-of-the-crank  techniques  that  yield  exact  optimum 
answers  instead  of  vague  trial-and-error  and  educated-guess  answers. 

To  illustrate  how  the  methods  of  dynamic  programming  could  be  used  in  TEAS  sec 
footnote  12. 

Suppose  for  the  F-4  aircraft  there  are  five  opportunities  to  use  multiple  redundancy  on 
components  that  have  proven  to  be  critical  to  the  survivability  of  the  aircraft.  The 
constraints  here  arc  cost  and  weight.  Assume  from  a quick  analysis  it  is  found  that  not  all 
five  opportunities  can  be  exploited  without  exceeding  a given  cost  and  a given  weight  limit. 
A decision  must  be  made  on  the  optimal  combination  of  redundancy  for  the  five  features. 
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C 


\ 


C 


o 


c 


o 


Suppose  the  C.  W (weight)  and  P§  of  each  component  are: 


Component  „ 

type,  j J’ 


Wj,  lb 

8 

9 

6 

7 

8 


0.90 

0.75 

0.65 

0.80 

0.85 


The  Pc  for  the  j1*’  component  of  m additional  redundant  components  is: 

\ W ■ 1 - f1  - s) ,j + 1 

for  j - 1,  2,  3,  4,  5 

Suppose  the  cost  constraint  not  to  be  exceeded  is  S100K: 


5 

C < E m C = $100K 
j-1  J J 


and  the  weight  constraint  not  to  be  exceeded  is  104  lb: 
5 

W £ E m W = 104  lb 
j-1  J J 


To  optimize  the  system  survivability  within  constraints  C and  W: 
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So,  using  the  Lagrange  multiplier  X*,  we  determine  the  optimal  value  of  X*  for  the 
objective  function  with  cost  S100K: 

5 

F (100)  * it  P m exp  -X*m  W 

J-l  J J J 3 

For  X*  = 0.008,  the  number  of  additional  redundant  components  are  found  to  be 
ni]  = 2,  m2  = 3,  m3  = 4.  m4  = 3,  m5  = 2 for  a total  weight  of: 


5 

W » tt  m.W.  “ 104  lb 
j“l  J J 

The  objective  function  optimized  is  now: 
f*(100)  - 0.9063 


The  optimized  system  survivability  is: 
Pg  = f*(100)  exp  |+A*m^W^ 


- (0. 9063)e 


104  X* 


= 0.984 

This  example  has  fictitious  input  data.  It  is  strictly  an  illustrative  example,  but  it  does 
bring  out  the  strength  of  dynamic  programming  for  system-effectiveness/design  trade-off 
decision-making. 


SURVIVABILITY  ASSESSMENT  STUDIES 


F-4  FUEL  SYSTEM  VULNERABILITY  REDUCTION1 3 

A reduction  of  F-4  fuel  system  vulnerability  was  evaluated  to  demonstrate  using 
aircraft  attrition  models  for  vulnerability  assessment.  The  flightpath  of  the  F-4  was  a 
straight  line  flyby,  at  a 5000-foot  altitude  and  a speed  of  430  knots,  and  with  an  offset  of 
2000  feet.  The  AAA  was  a Quad  23  with  characteristics  defined  in  AFATL  report  72-3.’1 * *  4 


1 3Raythcon  Company  A Quick  Study  of  F-4  Fuel  Syttem  Vulnerability  Reduction,  by  R.B.  Smith.  Sudbury,  MA, 

RC,  November  1973.  (Memorandum  RBS-73-09,  publication  UNCLASSIFIED.) 

14  Air  Force  Armament  Te«t  Laboratory.  Documentation  of  Anti-Aircraft  Artillery  Simulation  Computer  Pro- 

pom  (U).  Eplin  AFB.  FL,  AFATL,  1972.  (Report  72-3,  Program  POO! , Volume  II,  publication  SECRET.) 
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1-4  Ay  data  fora  K-kill  were  obtained  from  an  ASD/SR  draft1 5 and  adapted  for  input 
to  the  P00I , SIMFIND  2,  and  EVADE  11.  The  programs  were  run  with  the  fuel  system  Ay 
at  100,  75,  50  and  25  percent  of  its  total  Ay.  The  result  of  this  comparison  is  shown  in 
Table  7,  where  the  number  of  kills  per  thousand  passes  is  shown  as  a function  of  the 
magnitude  of  the  fuel  system  Ay.  Table  8 shows  the  same  data  expressed  as  a percent 
reduction  in  kills. 

A problem  in  SIMFIND  2 was  corrected  by  changing  the  time-of-flight  algorithm.  As 
described  by  Raytheon  (see  footnote  10),  an  algorithm  similar  to  that  of  P001  was  used.  To 
simulate  a Quad  23  (which  is  assumed  to  have  an  electronic  fire  control  computer),  the 
course  and  climb  angle  dispersions  were  set  to  2 degrees  and  the  range  error  5 percent. 


Table  7.  Number  of  Kills  Per  1000  Passes. 


Program 

Fuel  system  Ay,  % 

25 

50 

75 

100 

P001 

7.6 

9.5 

11.7 

13.7 

EVADE  II 

6.3 

8.0 

9.9 

11.8 

SIMFIND  2* 

6.0 

6.8 

7.7 

8.8 

*With  different  time-offligrit  algorithm. 


Table  8.  Percent  Reduction  in  Kills  Per  1000  Passes. 


Program 

Fuel  system  Ay,  % 

25 

50 

75 

100 

P001 

44 

30 

15 

0 

EVADE  II 

47 

32 

16 

0 

SIMFIND  2* 

32 

23 

12 

0 

*With  diffarant  tima-of  flight  algorithm. 


1 ^Aeronautical  Systems  bimion  < AISC).  h 4h.  Vulnerability  4 Italy  tit.  Wrghl-Patteuon  Al  B,  OH.  ASD,  March 
197.1  (ASb/SR  draft,  CONHDI  NTIAL.I 


o 
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SURVIVABILITY  ASSESSMENT  METHODOLOGY  HANDBOOK 
Approach 

Flightpaths  for  F-4,  A-7,  and  AH-1G  aircraft  and  threat  data  arrays  for  the  7.6-,  12.7-, 
14.5-,  and  23-mm  threats  were  processed  in  P001  with  a normalized  Ay  (l-m  sphere)  to 
obtain  the  latitude,  longitude,  and  Vg  (striking  velocity)  of  each  shot  and  the  Ph  on  the 
sphere.  Then,  taking  the  6-sided  Ay  table  for  a given  kill  level  and  the  said  parameters,  the 
Ps  was  calculated  for  changes  of  Ap  in  each  side.  The  Ps  for  each  side  is  presented 
graphically  for  each  scenario  in  the  handbook. 

The  Ay  of  the  6 sides  was  projected  separately  on  a plane  perpendicular  to  the  Vg. 
Therefore,  a back  side  projected  zero  Ay  and  had  a P$  = 1. 

For  each  shot  j in  the  engagement: 


However,  Pc  can  be  approximated  by, 

j 

6 

P = irP  = 1 - a P (Refer  to  limitations.) 
Sj  i-1  Sij  ^i  Hj 


Similarly,  for  the  engagement. 


P 


S 


M 


tr 

J-i 


where  M = total  shots. 
Therefore, 
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Since  P$  is  multiplicative: 


where. 


M 


IT 

J-l 


r 


With  PSj  for  each  side,  the  P$  or  Pj(  can  be  computed.  Taking  the  6-sided  Ay  table,  the  area 
for  each  side  Ayj  is  calculated  for  the  V§.  Then  each  side  is  projected  on  a plane 
perpendicular  to  the  V$  by  using  the  latitude  and  longitude  of  the  V$.  The  Pj<  is  computed 
from  the  projected  area  and  the  P^- 

Thcrefore, 


Preliminary  Designer’s  T ldbook 

The  designer  will  go  through  the  following  sequence: 

1 . Determine  scenarios  of  interest 

2.  Choose  type(s)  of  kill 

3.  With  each  scenario  and  type  of  kill  a reference  V§  is  given.  The  Ay  of  each  side  is 
computed  for  this  V§ 

4.  Using  these  Ay,  P$  for  each  side  is  determined  from  graphs  for  the  scenario  and 
type  of  kill 

5.  The  P$  is  computed  by  multiplying  P§  of  the  6 sides. 

Limitations 


The  Ph  on  the  normalized  sphere  places  a restriction  on  the  Ay,  namely: 
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This  is  applicable  to  data  generated  from  P001  and  for  P§.  when: 


P_  - it  II  - A,,  P„  \ is  expanded  the  higher  order  terms 
Sj  i=l\  \ Hj/ 


The  derivative  of  the  Ay  at  the  reference  V§  is  assumed  constant  for  changes  in  Ay: 

A A 
dVg  new  dVg  old 


In  comparison  with  P001 , the  P^  may  differ  by  10  percent  while  the  Pg  may  differ  by 
1 12  percent.  This  occurs  because  for  P001 , a 6-sided  Ay  table  (90  degrees  apart)  is  used  and 
then  linearly  interpolated  between  sides.  This  linear  approximation  of  the  directional  angles 
is  within  10  percent  of  that  for  the  directional  cosine  method. 
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Appendix  A 


SIMFIND  2 


SIMFIND  TEST  CASE  - 19  NOV  1973  - CASE  1 (S) 


RUN  NUMBER 


XIFL 

-0 

1.000 

1 

X<PTS 

-0 

43.000 

2 

VCON 

-0 

723. 380 

3 

REPP 

-0 

16000.000 

4 

V* 

-0 

3051.330 

5 

D< 

-0 

.209 

6 

XRDGUN 

-0 

0.000 

7 

PR 

-0 

5.000 

8 

REFP2 

-0 

9842.520 

9 

TUBES 

-0 

4.000 

10 

B<1 

-0 

5.000 

11 

B<2 

-0 

0.000 

12 

B<3 

-0 

0.000 

13 

B<  1 1 

-0 

7.000 

14 

B<22 

-0 

79.000 

15 

B<33 

-0 

0.000 

16 

THF.DKX 

-0 

80.000 

17 

PHIDMX 

-0 

45.000 

18 

PHIMAX 

-0 

85.000 

19 

AF 

-0 

1.420 

20 

AS 

-0 

l.  760 

21 

AU 

-0 

1.880 

22 

AR 

-0 

.100 

23 

XR  ( 1 ) 

-0 

0.000 

24 

XR(2) 

-0 

0.000 

25 

XR(  3) 

-0 

0.000 

26 

TRJECT 

-0 

0.000 

27 

TSETL 

-0 

2.000 

28 

TYPE 

-0 

1.000 

29 

XI  TER 

-0 

50.000 

59 

SEED 

-0 

188431.000 

60 

VMT.(l) 

-0 

3051.330 

71 

RVM 

-0 

0.000 

79 

SICVH 

-0 

68.893 

80 

DCMASK 

-0 

0.000 

81 

DEI  AY 

-0 

2.000 

82 

PHIMIK 

-0 

-10.000 

83 

RBHEAM 

-0 

0.000 

86 

Sir.PRl 

-0 

.050 

87 

RBSIG 

-0 

0.000 

88 

SIGPR 

-0 

.050 

89 

SICPSll 

-0 

.035 

90 

8 (GPS I 

-0 

.035 

91 

SICPSI 

-0 

.035 

92 

men 

-0 

.035 

93 

SGZETA 

-0 

.033 

94 

XKVF 

-0 

728.400 

95 

sin/p 

-0 

35.400 

96 

SIGRAT 

-0 

0.000 

97 

TCONR 

-0 

.400 

98 

TCOMZ 

-0 

.400 

99 

1 

-0.000 

-0 

NEW  AIRCRAFT  TRAJECTORY 


-219*7.000 
-222JJ. J1J 
-21310.23* 
-207*1. S3* 
-20033.472 


CROSS  RAMOS 

2000.000 

2000.000 

2000.000 

2000.000 

2000.000 


73/74  blank 


ALTITUDE 

3000.000 

3000.000 

3000.000 

3000.000 

3000.000 
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Appendix  B 

SUBROUTINE  GUNAIM 


SUBROUTINE  GUNAIM 


CDC  6600  FIN  V3.0-351A  OPT-1 


5 


10 


IS 


20 


25 


30 


35 


*0 


4 . 
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SUBROUTINE  GUNAIM 


0 GUNAIM  COMPUTES  THE  THEORETICAL  TIME  OF  FLIGHT  FOR  THE  PROJECT  I L« 
0 AND  THE  THEORETICAL  IMPACT  POINT  RELATIVE  TO  THE  GUN. 

0 

COUPDIM 


COMMON  APSA(6), 

AZZ, 

BI (200, 3) , 

82(200,3) , 

BRTAF 

COMMON  DDT, 

DATA (100) , 

DELF, 

DDT, 

DXAX(l) 

COMMON  EBETAF, 

EPHID, 

EPHIF, 

EPSIF, 

ERD 

COMMON  ERF, 

ETHETO, 

ETHETF, 

EVP , 

EZITAF 

COMMON  GRTM, 

H, 

IFlf 

IF3, 

IF5 

COMMON  IF6, 

IF7, 

IF8, 

IF11(8) 

COMMON  KPTS, 

N. 

NGUN, 

PH(3), 

PHI 

COMMON  PHIDMX, 

PHIDTA, 

PHIE, 

PHIF, 

FRDUI 

COMMON  PHIMIN, 

PIMR, 

PK(8), 

PRE, 

PSIF 

COMMON  R, 

RAIR, 

RAIM, 

RBI AS, 

ROOT 

COMMON  RE, 

RF, 

RGSUM, 

RTM, 

SGPRAK 

COMMON  SCPRK, 

SOZETK, 

SIGERR, 

SPOP, 

SRTCOT, 

COMMON  SVX(3), 

TFIRE, 

TELGT, 

TFLT, 

TR(3) 

COMMON  THEDMX, 

THEDTA, 

THETA, 

THETAE, 

THBTAP 

COMMON  TI (200) , 

TIM, 

VF, 

VI (200), 

VW(8) 

COMMON  VP, 

VZZ, 

XAPT(3), 

101(200.3). 

XDD(200,3) 

COMMON  XD07.7.(3), 

XDF(3) , 

XOZZ ( 3)  , 

XF(3), 

ZI(200.3) 

COMMON  XMU, 

ZETAE, 

ZETAF 

COUPDIM 

E0UIVA1.ENCE  (VM,DATA(5)),(DK,DATA(6)) 
DATA (ITERS- 20) 

FVF1R-EVF*C0S(EZETAF) 

VXE-EFT12*C0S (EBETAF) 
WE-VF12*SIM(EBETAF) 

VZE-EVF*S IM(EZETAF) 

V^F-  F.R  F*COS  ( EPH I F ) »COS  ( ETHE I F ) 

YFF- ERF*C0S ( EPH IF) *S I N ( ETHEIP) 
ZFF-F.RF*SIN(EPHIF) 

VS-VM  S RS-0 

I FLO  I -0.0 

00  510  1-1, ITERS 

XE-  XFF+VXE*IFLGT 

YE-  YFF+VYE*IFLGT 

ZE-  7.FF+VZE*  I FLGT 

RE-  SORI(XE*XE+YE«YE+ZE*ZE) 

RC-  RE-RS 

Ip  ( RS  .LT.l)  CO  TO  520 
VC-  VS-(XE*VXE+YE*VYE+ZE*VZE)/RE 
IF(VC.LT.l.)  GO  TO  515 
TFLUl-IPLOT-t-RC/VC 
DEN- 1 . / ( 1 . +DK*TFLGT) 

RS-VM*TFLGT*DEN 

VS-VM*DEN*1)F.N 

510  CONTINUE 

515  IF8-  IP6-0 
RETURN 

520  IF(RS.0T.DATA(9))  GO  TO  515 
IFdFI.GT.OT.  12.)  GO  TO  515 
1F8-  1 
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SUBROUTINE  O UNA IN  CDC  6600  FIN  V3.0-351A  OPT-l 

IF6-  IF6+1 
IFLT-  IFLCT 

COMPUTE  THE  THEORETICAL  IMPACT  POINT  POSITION  VICTOR  AMD  TD 
GUN  POSITION  ANCLES 

XAPT(I)  - XE 
X APT ( 2 ) - YE 
XAPT(3)  - ZE 
TH(I)-TH(2) 

PH(2)«PH(3) 

CALL  THEPHI  (XAPT(l)  ,XAPT(2)  ,XAPT(3)  ,RTM>GRTM,TH(3)  ,P*(3)) 

IF  (DATA(7) .GT.O. 5)  RGSUM-RTM 
RETURN 
END 


I 


u 


0 

04 

60  0 
0 


65 


70 


JTCG/ AS-7  5-S-002 


INITIAL  DISTRIBUTION 

Aeronautical  Systems  Division  (AFSC) 
Wright-Patterson  AFB,  OH  45433 
Attn:  ASD/ADDP  (R.  R.  Hilbrand) 

Attn:  ASD/ENFEF  (D.  C.  Wight) 

Attn:  ASD/ENFTV  (D.  J.  Wallick) 

Attn:  ASD/XRHD  (G.  B.  Bennett) 

Attn:  ASD/XRHP  (S.  E.  Tate) 

Attn:  ASD/XROL  (F.  Campanile) 

Attn:  ASD/XROL  (R.  K.  Frick) 

Attn:  ASD/XRZ  (L.  R.  Roesner) 

Attn:  ASD/YFE  (LT  COL  J.  N.  McCready) 

Attn:  ASD/YXEJ  (C.  Jenkins) 

Aerospace  Medical  Research  Laboratories 
Wright-Patterson  AFB,  OH  45433 
Attn:  AMRL/EMT  (C.  N.  Day) 

Attn:  AMRL/MEA  (CAPT  G.  J.  Valentino) 

Air  Force  Acquisition  Logistics  Division 
Wright-Patterson  AFB,  OH  45433 

Attn:  AFALD/PTEA  (MAJ  D.  Waltman) 

Air  Force  Aero  Propulsion  Laboratory 
Wright-Patterson  AFB,  OH  45433 
Attn:  AFAPL/SFH  (G.  T.  Beery) 

Attn:  AFAPL/SFH  (R.  G.  Clodfelter) 

Attn:  AFAPL/SFH  (G.  Gandee) 

Attn:  AFAPL/SFH  (F.  L.  Sheldon) 

Air  Force  Armament  Test  Laboratory 
Eglin  AFB,  FL  32542 

Attn:  AFATL/DLYA  (V.  D.  Thornton) 

Attn:  AFATL/DLYV  (J.  A.  Rutland) 

Air  Force  Avionics  Laboratory 
Wright-Patterson  AFB,  OH  45433 
Attn:  AFAL/WRA-1  (E,  Leaphart) 

Air  Force  Flight  Dynamics  Laboratory 
Wright-Patterson  AFB,  OH  45433 

Attn:  AFFDL/FBED  (R,  M.  Shlmovetz) 

Attn:  AFFDL/FES  (Branch  Chief) 

Attn:  AFFDL/FES  (CDIC) 

Attn:  AFFDL/FES  (G.  W.  Ducker) 

Attn:  AFFDL/FES  (C.  W.  Harris) 

Attn:  AFFDL/FES  (D.  W.  Voyls) 

Attn:  AFFDL/FGL  (F.  R.  Taylor) 


77 


JTCG/AS-7  5-S-002 


Air  Force  Materials  Laboratory 
Wright-Patterson  AFB,  OH  45433 
Attn:  AFML/LC  (G.  H.  Griffith) 
Attn:  AFML/LPJ  (MAJ  P.  Elder) 

Air  Force  Systems  Comnand 
Andrews  AFB,  DC  20334 

Attn:  AFSC/DLCAA  (P.  L.  Sandler) 

Air  Force  Test  and  Evaluation  Center 
Kirtland  AFB,  NM  87115 

Attn:  AFTEC/JT  (MAJ  Palmer) 


Air  Force  Weapons  Laboratory 
Kirtland  AFB,  NM  87117 

Attn:  AFWL/PGV  (CAPT  D.  J.  Evans) 
Attn:  AFWL/PGV  (MAJ  H.  Rede) 

Attn:  AFWL/SATL  (A.  F.  Gunther) 


Armament  Development  and  Test  Center 
Eglin  AFB,  FL  32542 

Attn:  ADTC/DLOSL  (Technical  Library) 
Attn:  ADTC/SDE  (M.  H.  Forbragd) 

Attn:  ADTC/XR  (C.  T.  Maney) 

Attn:  ADTC/XRL 


Army  Aviation  Systems  Command 

P.  0.  Box  209 

St.  Louis,  MO  63166 

Attn:  DRCPM-ASE  (J.  Keaton) 

Attn:  DRCPM-ASE- TM  (E.  F.  Branhof) 
Attn:  DRCPM-ASE- TM  (MAJ  Schwend) 

Attn:  DRCPM-ASH  (R.  J.  Braun) 

Attn:  DRSAV-EI  (CAPT  W.  D.  Wolfinger) 
Attn:  DRSAV-EXH  (R.  A.  Mathews) 


Army  Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  MD  21005 
(J.  T.  Frasier) 
(C.  L.  Grabarek) 


Attn:  DRXBR-TB 
Attn:  DRXBR-TB 
Attn:  DRXBR-VL 
Attn:  DRXBR-VL 
Attn:  DRXBR-VL 
Attn:  DRXBR-VL 
Attn:  DRXBR-VL 
Attn:  DRXBR-VL 
Attn:  DRXBR-VL 


(R.  G.  Bernier) 
(A.  J.  Hoffman) 
(J.  R.  Jacobson) 
(0.  T.  Johnson) 
(R.  Mayerhofer) 
(D.  W.  Mowrer) 
(D.  L.  Rigotti) 


I 


JTCG/AS-75-S-002 


Army  Electronics  Command 
Fort  Monmouth,  NJ  07703 

Attn:  DRSEL-CT-A  (J.  P.  Hakim) 

Attn:  DRSEL-GG-EM  (C.  Goldy) 

Attn:  DRSEL-GG-TD  (Conmander) 

Attn:  DRSEL-WL-A  (M.  Alder) 

Attn:  DRSEL-WL-A  (R.  F,  Giordano) 

Army  Electronics  Command 
Electronic  Warfare  Laboratory 
White  Sands  Missile  Range,  NM  88002 
Attn:  DRS EL- WLM-AD  (T.  A.  Atherton) 
Attn:  DRS F L- WLM-AD  (L.  E.  Garret) 
Attn:  DRSEL-WLM-AD  (R.  Vasquez) 


Army  Foreign  Science  and  Technology  Center 
220  Seventh  St.,  NE 
Charlottesville,  VA  22901 

Attn:  DRXST-WS1  (J.  M.  Blake) 

Attn:  DRXST-WS4  (E.  R.  Mclnturff) 

Array  Materials  and  Mechanics  Research  Center 
Watertown,  MA  02172 

Attn:  DRXMR-EM  (A.  A.  Anctil) 

Attn:  DRXMR-ER  (F.  C.  Quigley) 

Attn:  DRXMR-K  (S.  V.  Arnold) 

Attn:  DRXMR-MI  (C.  F.  Hickey,  Jr.) 

Attn:  DRXMR-PL  (M.  M.  Murphy) 

Attn:  DRXMR-R  (G.  R.  Thomas) 

Attn:  DRXMR-TE  (J.  Adachi) 

Attn:  DRXMR-TM  (E.  M.  Lenoe) 

Attn:  DRXMR-XC  (E.  S.  Wright) 


Army  Materiel  Systems  Analysis  Activity 
Aberdeen  Proving  Ground,  MD  21005 
Attn:  DRXSY-AA  (Director) 

Attn:  DRXSY-AAM  (R.  F.  Mathias) 
Attn:  DRXSY-AAS  (W.  B.  Paris) 

Attn:  DRXSY-AD  (H.  X.  Peaker) 

Attn:  DRXSY-ADG  (A.  S.  Henderson) 
Attn:  DRXSY-J  (J.  J.  McCarthy) 

Attn:  DRXSY-S  (J.  R.  Llndenmuth) 

Army  Missile  R&D  Command 


Redstone  Arsenal,  AL  35809 
Attn:  DRDMI-DS  (R.  B.  Clem) 


JTCG/ AS-7  5-S-002 


l 


Army  Research  and  Technology  Laboratory 
Applied  Technology  Laboratory 
Fort  Eustis,  VA  23604 

Attn:  DAVDL-EU-MOS  (Mr.  Merritt) 

Attn:  DAVDL-EU-MOS  (S.  Pociluyko) 

Attn:  SAVDL-EU-MOS  (H.  W.  Holland) 

Attn:  SAVDL-EU-MOS  (J.  D.  Ladd) 

Attn:  SAVDL-EU-MOS  (J.  T.  Robinson) 

Commander 

BMDSCOM,  Research  Park 
Huntsville,  AL  35807 

Attn:  PATRIOT  Project  Office 

Chief  of  Naval  Operations 
Washington,  DC  20350 

Attn:  OP-506  (Head,  A/C  & Weapons  Rqmts  Br) 
Attn:  OP-962  (G.  Haering) 

Attn:  OP-982E3  (CAPT  W.B.  Hospevec) 

Attn:  OP-987  (Director  R&D  Plans  Div.) 

Combat  Development  Experimentation  Command 
155th  Aviation  Co. 

Fort  Ord,  CA  93941 

Attn:  (Attack  Helicopter  Group) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Annapolis , MD  21402 

Attn:  Code  2851  (R.  0.  Foemsler) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Bethesda,  MD  20084 

Attn:  Code  1740.2  (F.  J.  Fisch) 

Attn:  Code  1740.2  (H.  F.  Hackett) 

Attn:  Code  17'0.3  (M.  L.  Salive) 

Attn:  Code  522 

Attn:  Code  522.4  (Commander) , 2 copies 

Defense  Advanced  Research  Projects  Agency 
1400  Wilson  Blvd. 

Arlington,  VA  22209 
Attn:  S.  Zakanycz 


Defense  Documentation  Center 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  22314 

Attn:  DDC-TCA,  12  copies 


80 


•'<*  . 


JTCG/ AS-7  5-S-002 


Defense  Systems  Management  College 
Ft.  Belvolr , VA  22060 
Attn:  W.  Schmidt 

Department  of  Transportation  - FAA 
2100  Second  St.,  SW,  Rm  1400C 
Washington,  DC  20591 

Attn:  ARD-520  (R.  A.  Kirsch) 

Deputy  Chief  of  Staff  (AIR) 

Marine  Corps  Headquarters 
Washington,  DC  20380 

Attn:  AAW-61  (LT  COL  F.  C.  Regan) 

FAA/NAFEC 

Atlantic  City,  NJ  08405 

Attn:  ANA-430  (W.  D.  Howell) 

Attn:  ANA-64  (NAFEC  Library) 

Foreign  Technology  Division  (AFSC) 
Wright-Patterson  AFB,  OH  45433 
Attn:  FTD/ETWD  (C.  W.  Caudy) 

Attn:  FTD/NICD 

Attn:  FTD/PDXS— 5 (LT  Saylor) 

HQ  Air  Logistics  Command 
McClellan  AFB,  CA  95652 

Attn:  SM/MMSRBC  (D.  E.  Snider) 

HQ  SAC 

Offutt  AFB,  NB  68113 

Attn:  CINCSAC/XPFS  (MAJ  B.  G.  Stephan) 
Attn:  JSTPS/JPTB  (MAJ  C.  0.  Cox) 

Attn:  NRI/STINFO  Library 

Marine  Corps  Development  Center 
Quantico,  VA  22134 

Attn:  D-042  (MAJ  W.  Waddell) 

Attn:  D-091  (LT  COL  J.  Givan) 

NASA  - Ames  Research  Center 
Army  Air  Mobility  R&D  Laboratory 
Mall  Stop  20  7-5 
Moffett  Field,  CA  94035 

Attn:  SAVDL-AS  (V.L.J.  Di  Rito) 

Attn:  SAVDL-AS- X (F.H.  lumen) 


JTCG/ AS-7  5-S-002 


NASA  - Johnson  Spacecraft  Center 
Houston,  TX  77058 

Attn:  EC  (F.  S.  Dawn) 

Attn:  JM-6  (R.W.  Brlcker) 

NASA  - Lewis  Research  Center 
? 1000  Brookpark  Rd. 

Mail  Stop  500-202 
Cleveland,  OH  44135 

Attn:  Library  (D.  Morris) 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Attn:  Code  063  (MAJ  W.  Boeck) 

Attn:  Code  2043  (L.  M.  Rakszawski) 
Attn:  Code  30C  (R.  A.  Ritter) 

Attn:  Code  303  (E.  J.  McQuillen) 

Attn:  Code  40A  (D.  A.  Mancinelli) 
Attn:  Code  5420  (D.  V.  M.  Green) 

Attn:  Code  5422  (R.  H.  Beliveau) 

Attn:  Code  5422  (R.  S.  Hall,  Jr.) 
Attn:  Code  5422  (M.  C.  Mitchell) 

Attn:  Code  5422  (C.  E.  Murrow) 

Attn:  Code  5422  (B.  Vafakos) 

Attn:  Code  5423  (B.  L.  Cavallo) 

Naval  Air  Propulsion  Test  Center 
Trenton,  NJ  08628 

Attn:  ADI  (W.  G.  Hawk) 

Attn:  PE3A  (J.  Mendrala) 

Attn:  PE42  (R.  W.  Vizzinni) 

Attn:  PE62  (F.  L.  Husted) 

Naval  Air  Systems  Command 
Washington,  DC  20361 

Attn:  AIR-0 3PAF  (CDR  R.  C.  Gibson) 
Attn:  AIR-0 3PA4  (T.  S.  Momiyama) 

Attn:  AIR-350 

Attn:  AIR-360D  (R.  Thyberg) 

Attn:  AIR-503W1  (E.  A.  Thibault) 

Attn:  AIR-5204 

Attn:  AIR-5204A  (D.  Atkinson) 

Attn:  AIR-5204J  (LT  COL  R.  T.  Remers) 
Attn:  AIR-53031  (R.  0.  Lutz) 

Attn:  AIR-530313  (R.  D.  Hume) 

Attn:  AIR-5323 

Attn:  AIR-5 32 3K  (K.  Chang) 

Aten:  AIR-53242  (C.  F.  Magee) 

Attn:  AIR-53242B  (W.  R.  McAninch) 
Attn:  AIR-5 360 3B  (G.  W.  Gigioli) 

Attn:  AIR-53631F 

Attn:  AIR-954  (Tech.  Library) 


82 


t 


c 


o 


JTCG/AS-75-S-002 


Naval  Intelligence  Support  Center 
4301  Suitland  Rd. 

Washington,  DC  20390 

Attn:  NISC-3323  (R.  E.  McGuire) 

Naval  Material  Command 
Washington,  DC  20360 

Attn:  MAT-0331  (H.  G,  Moore) 

Naval  Ordnance  Station 
Indian  Head,  MD  20640 

Attn:  Code  515  (M.  R,  Shaffer) 

Naval  Postgraduate  School 
Monterey,  CA  93940 

Attn:  Code  53WG  (P,  C.  C.  Wang) 
Attn:  Code  57BP  (R,  E.  Ball) 
Attn:  Code  57BT  (M.  H.  Bank) 

Naval  Research  Laboratory 
4555  Overlook  Ave.,  SW 
Washington,  DC  20375 


Attn: 

Code 

2627 

(Director) 

Attn: 

Code 

4109 

(J. 

M. 

MacCallum) 

Attn: 

Code 

5470 

(R. 

D. 

Misner) 

Attn: 

Code 

5550 

(J. 

R. 

Anderson) 

Attn: 

Code 

5730 

(E. 

E. 

Koos) 

Attn: 

Code 

6373 

(W. 

J. 

Ferguson) 

Attn: 

Code 

6410 

(J. 

T. 

Schriempf) 

Attn: 

Code 

8432 

(H. 

L. 

Smith) 

Naval  Sea  Systems  Command 
Washington,  DC  20362 

Attn:  SEA-03511  (C,  H.  Pohler) 
Attn:  SEA-6543  (F.  W.  Sieve) 

Naval  Ship  Engineering  Center 
Hyattsville,  MD  20782 

Attn:  Code  6105D  (Y.  H.  Park) 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 
Dahlgren,  VA  22448 

Attn:  DG-10  (J.  E.  Ball) 

Attn:  DG-10  (S.  Hock) 

Attn:  DG-10  (T.  L.  Wasmund) 

Attn:  DG-104  (T.  H.  McCants) 
Attn:  DK  20  (H.  P.  Caster) 
Attn:  DK-2301  (B.  W.  Montrief) 
Attn:  DT-51  (J,  F.  Horton) 
Attn:  Library  (A.  D.  Hopkins) 


I 


O 


83 


JTCG/ AS-7  5-S-002 


Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 

Attn:  WA-11  (R.  W.  Craig) 

Attn:  WA-11  (L.  C.  Dixon) 

Attn:  WA-11  (E.  F.  Kelton) 

Attn:  WU-41  (J.  C.  Hetzler) 

Attn:  W7.-21  (Library) 

Naval  War  College 
Newport,  RI  02840 
Attn:  President 


Naval  Weapons  Center 


China  Lake,  CA 

93555 

Attn: 

Code 

31  (M.  M.  Rogers) 

Attn: 

Code 

3123  (W.  K.  Fung) 

Attn: 

Code 

31701  (M.  H.  Keith) 

Attn: 

Code 

318  (H.  Drake) 

Attn: 

Code 

318  (C.  Padgett) 

Attn: 

Code 

3181  (J.  J.  Morrow) 

Attn: 

Code 

3181  (C.  B.  Sandberg) 

Attn: 

Code 

3183  (G,  Moncsko) 

Attn: 

Code 

3183  (W.  W.  West) 

Attn: 

Code 

3831  (M.  E.  Backman) 

Attn: 

Code 

3943  (W.  L.  Capps,  Jr.) 

Naval  Weapons  Support  Center 
Crane,  IN  47522 

Attn:  Code  502  (N.  L.  Papke) 

Attn:  Code  502  (D.  K.  Sanders) 

Office  of  Naval  Research 
Arlington,  VA  22217 

Attn:  Code  210  (D.  C.  Lauver) 

Attn:  Code  474  (N.  Perrone) 

Pacific  Missile  Test  Center 
Point  Mugu,  CA  93042 

Attn:  Code  0160  (A.  R.  Burge) 

Attn:  Code  1251  (A.  Pignataro) 

Attn:  Code  1332  (J.  R.  Bok) 

Attn:  Code  1332  (W.  E.  Chandler) 

Attn:  Coae  1332  (B.  E.  Nofrey) 

Attn:  Code  4253-3  (Technical  Library) 

Picatinny  Arsenal 
Dover,  NJ  07801 

Attn:  SARPA-AD-C  (S,  K.  Elnbinder) 


AQ-A050  152 


UNCLASSIFIED 


RAYTHEON  CO  SUOBURY  NASS  F/B  i/3 

A REVIEW  OF  METHODOLOGIES  ANO  CONCEPTS  TO  MEASURE  ANO  EVALUATE  — ETC(U) 
JAN  75  R SMITH*  A S SOLTES*  J K WETZEL  F33613-73-C-0678 

JTC8/AS-75-S-002 


» 

f 

I 


c 


0 


o 


c 


I 


JTCG/ AS-7  5-S-002 


Rock  Island  Arsenal 
Rock  Island,  1L  61201 

Attn:  DRSAR-PPV  (D.  K.  Kotecki) 

Attn:  DRSAR-RDG  (L.  J.  Artioli) 

Attn:  DRSAR-SAS  (S.  Olsen) 

Warner  Robins  Air  Logistics  Center 
Robins  AFB,  GA  31098 

Attn:  WRALC/MMET  (LT  COL  G.  G.  Dean) 

Aeroquip  Corp. 

Subsidiary  of  Libbey-Owens  Ford  Co. 

300  S.  East  Ave. 

Jackson,  MI  49203 
Attn:  R.  Rogers 

AiResearch  Manufacturing  Co.  of  California 
A Division  of  the  Garrett  Corp. 

2525  W.  190th  St. 

Torrance,  CA  90509 

Attn:  Library 

Analytic  Services  Inc. 

5613  Leesburg  Pike 
Falls  Church,  VA  22041 

Attn:  Chief  Librarian  (F.  G.  Binlon) 

Armament  Systems,  Inc. 

712-F  North  Valley  Street 
Anaheim,  CA  92801 
Attn:  J.  Musch 

Arnold  Research  Organization,  Inc. 

Arnold  AFS,  TN  37389 

Attn:  T.  J.  Gillard,  ETF 

A.  T.  Kearney  and  Company,  Inc. 
Cayvood-Schlller  Division 
100  South  Wacker  Drive 
Chicago,  IL  60606 
Attn:  R.  H.  Rose 

AVCO 

Lycoming  Division 
550  So.  Main  St. 

Stratford,  CT  06467 
Attn:  H.  F.  Grady 


85 


JTCG/  AS*7  5-S-002 


Battelle  Memorial  Institute 
505  King  Ave. 

Columbus,  OH  03201 

Attn:  J.  H.  Brown,  Jr. 

Beech  Aircraft  Corp. 

9709  E.  Central  Ave. 

Wichita,  KS  67201 

Attn:  Engineering  Library  (T.  R.  Hales) 

Bell  Helicopter  Textron 
Division  of  Textron  Inc. 

P.0.  Box  482/Hwy  183 
Fort  Worth,  TX  76101 
Attn:  J.  F.  Jaggers 
Attn:  J.  R.  Johnson 

Boeing  Vertol  Company 
A Division  of  the  Boeing  Co. 

P.0.  Box  16858 
Philadelphia,  PA  19142 

Attn:  J.  E.  Gonsalves,  M/S  P32-19 
Attn:  M/S  P32-01 

Booz. Allen  Applied  Research 
724  Beal  Parkway 
Fort  Walton  Beach,  FL  32548 
Attn:  W.  R.  Day 

Calspan  Corp. 

P.0.  Box  235 
Buffalo,  NY  14221 

Attn:  Library  (V.  M.  Young) 

CDI  Corp. 

M & T Co. 

2130  Arch  St. 

Philadelphia,  PA  19103 
Attn:  R.  L.  Hall 
Attn:  E.  P.  Lorge 

Center  for  Naval  Analyses 
1401  Wilson  Blvd 
Arlington,  VA  22209 

Attn:  P.  E.  DePoy,  OEG 

Cessna  Aircraft  Co. 

Wallace  Division 
P.O.  Box  1977 
Wichita,  KS  67201 

Attn:  B.  B.  Overfield 


O 


86 


0 


t 


JTCG/ AS-7  5-S-002 


i 


ft 


» 


t 


I 


t 


O 


o 


t 


COMARCO  inc 
1417  N.  Norma 
Ridgecrest,  CA  93555 

Attn:  D.  Smith,  2 copies 

E-Systems  Inc. 

Greenville  Division 
P.0.  Box  1056 
Greenville,  TX  75401 

Attn:  C.  H.  Hall,  8-55200C 

Attn:  Librarian,  8-51120  (J.  Moore) 

Fairchild  Industries,  Inc. 

Fairchild  Republic  Co. 

Conklin  Street 

Farraingdale,  L.I.,  NY  11735 
Attn:  J.  A.  Arrighi 
Attn:  G.  Mott 
Attn:  D.  C.  Watson 

Attn:  Engineering  Library  (G.  A.  Mauter) 

Falcon  Research  and  Development  Co. 

2350  Alamo  Ave.,  SE 
Albuquerque,  NH  87108 
Attn:  W.  L.  Baker 

Falcon  Research  and  Development  Co. 

696  Falrmount  Ave. 

Baltimore,  MD  21204 
Attn:  J.  A.  Silva 

Firestone  Tire  & Rubber  Co. 

Firestone  Coated  Fabric  Co.  Division 
P.0.  Box  869 
Magnolia,  AR  71753 
Attn:  S.  G.  Haw 

General  Dynamics  Corp. 

Convalr  Division 
P.0.  Box  80877 
San  Diego,  CA  92138 

Attn:  M.  Kan tor,  MZ  613-00 

Attn:  Research  Library,  MZ  652-10  (U.J.  Sweeney) 

General  Dynamics  Corp. 

Fort  Worth  Division 
Grants  Lane,  P.0.  Box  746 
Fort  Worth,  TX  76101 

Attn:  P.  R.  deTonnancour/G.  W.  Bowen 
Attn:  Tech  Library,  MZ  2246 


87 


JTCG/ AS-7  5-S-002 


General  Electric  Co. 

Aircraft  Engine  Business  Group 
1000  Western  Ave. 

West  Lynn,  MA  01910 

Attn:  E.  L.  Richardson,  ELM,  24055 
Attn:  J.  M.  Wannemacher 

General  Electric  Co. 

Aircraft  Engine  Business  Group 
Evendale  Plant 
Cincinnati,  OH  45215 

Attn:  AEG  Technical  Information  Center  (J.  J.  Brady) 

General  Research  Corp. 

P.0.  Box  3587 
Santa  Barbara,  CA  93105 
Attn:  R.  Rodman 

Attn:  Tech  Information  Office  (K.  S.  Tammen) 

Goodyear  Aerospace  Corp. 

1210  Massillon  Rd. 

Akron,  OH  44315 

Attn:  T.  L.  Shubert,  D/910 

Attn:  H.  D.  Smith,  D/490G-2 

Attn:  J.  E.  Wells,  D/959 

Attn:  Library,  D/152G,  (R.  L.  Vittitoe/J.  R.  Wolfersberger) 

Grumman  Aerospace  Corp. 

South  Oyster  Bay  Rd. 

Bethpage,  NY  11714 

Attn:  J.  P.  Archey  Jr.,  D/662-E-14,  Plant  05 
Attn:  R.  W.  Harvey,  D/661,  Plant  05 
Attn:  H.  L.  Henze,  D/471,  Plant  35 

Attn:  Technical  Information  Center,  Plant  35  (J.  Davis/C.  W.  Turner) 

Hughes  Helicopters 
A Division  of  Summa  Corp. 

Centinela  & Teale  St. 

Culver  City,  CA  90230 

Attn:  R.  E.  Rohtert,  15T288 
Attn:  Library,  2/T2124  (D.  K.  Goss) 

Institute  for  Defense  Analyses 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Attn:  J.  Metzko,  WSEG 
Attn:  P.  Okamoto,  DIM0 
Attn:  F.  G.  Parsons,  WSEG 
Attn:  J.  R.  Transue 


o 


4?  - 


& 


88 


O 


JTCG/AS-75-S-002 


C 


C 


c 


o 


ITT  Res a arch  Institute 
10  West  35  Street 
Chicago,  IL  60616 
Attn:  I.  Pincus 

JG  Engineering  Research  Associates 
3831  Menlo  Dr. 

Baltimore,  MD  21215 

Attn:  J.  E.  Greenspon 

Raman  Aerospace  Corporation 
Old  Windsor  Rd. 

Bloomfield,  CT  06002 
Attn:  H.  E.  Showalter 

Lockheed-Califomia  Co. 

A Division  of  Lockheed  Aircraft  Corp. 

P.0.  Box  551 
Burbank,  CA  91520 

Attn:  L.  E.  Channel 

Attn:  C.  W.  Cook,  75-84 

Attn:  Technological  Information  Center, 

Lockheed-Georgla  Co. 

A Division  of  Lockheed  Aircraft  Corp. 

86  S.  Cobb  Drive 
Marietta,  GA  30063 

Attn:  D.  R.  Scarbrough,  72-08 

Attn:  Sci-Tech  Info  Center,  72-34  (T.  J 

Martin  Marietta  Corp. 

Orlando  Division 
P.O.  Box  5837 
Orlando,  FL  32805 

Attn:  Library  (M.  C.  Griffith) 

McDonnell  Douglas  Corp. 

3855  Lakewood  Blvd. 

Long  Beach,  CA  90846 

Attn:  Technical  Library,  Cl  290/36-84 

McDonnell  Douglas  Corp. 

P.O.  Box  516 
St.  Louis,  M0  63166 
Attn:  R.  D.  Detrich 
Attn:  R.  A.  Eberhard 
Attn:  M.  Meyers 
Attn:  Library 


89 


84—40 


. Kopkin) 


JTCG/ AS-75-S-O02 


New  Mexico  Institute  of  Mining  and  Technology 
Campus  Station 
Socorro,  NM  87801 
Attn:  Tera 

Northrop  Corp. 

Aircraft  Division 
3901  W.  Broadway 
Hawthorne,  CA  90250 

Attn:  J,  H.  Bach,  3680/35 
Attn:  V,  B.  Bertagna,  3451/32 
Attn:  H.  W.  Jones,  3369/32 
Attn:  W.  Mohlenhoff,  3680/35 
Attn:  J.  R.  Oliver,  3628/33 
Attn:  J.  F.  Paris  3628/33 

Northrop  Corp, 

Ventura  Division 

1515  Rancho  Cone jo  Blvd. 

Newbury  Park,  CA  91320 
Attn:  M.  Ralne 

Norton  Co. 

One  New  Bond  St. 

Worcester,  MA  01606 
Attn:  P.  B.  Gardner 

Potomac  Research,  Inc. 

7655  Old  Springhouse  Rd. 

Westgate  Research  Park 
McLean,  VA  22101 

Attn:  S.  J.  Nelson 
Attn:  D.  E.  Wegley 

PRC  Technical  Applications  Inc. 

7600  Old  Springhouse  Rd. 

McLean,  VA  22101 

Attn:  Security  Officer 

Protective  Materials  Co. 

York  and  Haverhill  Streets 
Andover,  MA  01810 
Attn:  M.  H.  Miller 

RAND  Corp. 

1700  Main  St. 

Santa  Monica,  CA  90406 
Attn:  N.  W.  Crawford 


90 


JTCG/AS-75-S-002 


C 


t 


C 


c 


I o 


o 


I 


i 

f 


Raytheon  Company 
528  Boston  Post  Road 
Sudbury,  MA  01776 
Attn:  R.  Smith 
Attn:  A.  S.  Soltes 
Attn:  J.  K.  Wetzel 
Attn:  L.  R,  Doyon 

R&D  Associates 
P.0.  Box  9695  _ 

Marina  Del  Rey,  CA  90291 
Attn:  H.  W.  Hevert 
Attn:  Technical  Information  Center 

Reynolds  Metals  Co. 

Product  Development  Div. 

6601  W.  Broad  St, 

Richmond,  VA  23261 

Attn:  B.  F.  Holcombe 

Rockwell  International  Corp. 

5701  W.  Imperial  Hwy 
Los  Angeles,  CA  90009 

Attn:  W.  H.  Hatton,  BB18 
Attn:  R.  Hurst,  BB33 
Attn:  W.  L.  Jackson 
Attn:  S.  C.  Mellin 
Attn:  R.  Moonan,  AB78 
Attn:  J.  H.  Howard,  AB82 

Rockwell  International  Corp. 

4300  E.  Fifth  Ave. 

P.0.  Box  1259 
Columbus,  OH  43216 

Attn:  Technical  Information  Center  (D.  Z.  Cox) 

Russell  Plastics  Technology  Inc. 

521  W.  Hoffman  Ave. 

Lindenhurst,  MY  11757 
Attn:  J.  C.  Hebron 

Southwest  Research  Institute 
P.0.  Drawer  28510 
San  Antonio,  TX  78284 
Attn:  Bessey  Div.  02 
Attn:  P.  H.  Zabel,  Div.  02 

Stanford  Research  Institute 
333  Ravenswood  Ave. 

Menlo  Park,  CA  94025 
Attn:  G.  Branch 
Attn:  J.  Gollns 


91 


i 


slJtSRr 


JTCG/ AS-7  5-S-002 


System  Planning  Corporation 
1500  Wilson  Blvd.,  Suite  1300 
Arlington,  VA  22209 
Attn:  J,  A.  Navarro 

Tele dyne  CAE 
1330  Laskey  Rd. 

Toledo,  OH  43612 

Attn:  Engineering  Library  (M.  Dowdell) 

Teledyne  Ryan  Aeronautical 
2701  Harbor  Dr. 

San  Diego,  CA  92112 

Attn:  Technical  Information  Services  (W. 

The  BDM  Corp. 

1920  Aline  Ave. 

Vienna,  VA  22180 

Attn:  J.  W.  Mllanski 

The  Boeing  Co. 

3801  S.  Oliver  St. 

Wichita,  KS  67210 

Attn:  H.  E.  Comer,  M/S  K21-57 
Attn:  L.  D.  Lee,  M/S  K31-11 
Attn:  D.  Y.  Sink,  M/S  K16-14 

The  Boeing  Co. 

Aerospace  Group 
P.0.  Box  3999 
Seattle,  WA  98124 

Attn:  J.  G.  Avery,  M/S  41-37 
Attn:  R.  G.  Blaisdell,  M/S  8C-42 
Attn:  R.  J.  Helzer,  M/S  13-66 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
Johns  Hopkins  Road 
Laurel,  MD  20810 
Attn:  A.  R.  Eaton 
Attn:  C.  F.  Meyer 
Attn:  B.  W.  Woodford 

Uniroyal,  Inc. 

Mishawaka  Plant 
407  N.  Main  Street 
Mishawaka,  IN  46544 
Attn:  J.  D.  Galloway 


E.  Ebner) 


92 


ABSTRACT  CARD 


ABSTRACT  CARD 


w ^ 03 

• s ^ 

3 ■ C 

o -a 

t E1 

2 >>  "5 

c b § 

|-8  8 
£ 5 * 


! ~ = 

• "S  S 

5 C V) 

j £ j 

• C o Wi 

lili 

! ^ £2 
iw  > " 
X * E 

L « "9  i£  = 

£3  «.2 

J (/)>♦- 

I 2 _ S 2 

1 c c 3 « 

1.2?:! 

• **  *5  r*  *4— 

> g 3 § 2 

jb  1 1 g 

j eo  ^ 

j — ^ o 

« .t:  o . 
’«-£>■ 

i '5--S  a 

: & J ® « 

| " t JJ  H 


OC  > < 


£«  S “■« 

15.12 


i:  - 03  ♦- 

C/5  X 

c = « £ 

2 g u « 

t .s  3 o. 

5 u.  ■?  g- 
•o  g « 
p te  « 


^ C. 
T3  O c 

i ° I 

s 

! - *3 

• w 5 

*5  -o 

; ^ O *o 

: §>  e " 

i *2  •£ 

• S.  ?»? 

• o — o 
■5  io  £ 

s TT*  5 o 

1 ® 5 «c 

!|H 

!$i!S 

^ 1^5 
<2  uj 

*5* 


3 

*3  O 
o>  <-> 

. 5 .§ 

|E! 

o.  2 £ 

<;  * E 

,UJ  <«  >> 

U«  o>  +* 

21 5 g 
2 2 ™ .2 

</>  > +Z 
0 > *C 

c c 3 ts 
o £ * 

8 8 1 6 

18  1-a 

« ^ 

_ >»  > o 
eo.t:  o . 
« 3:  .£=  i* 

>*  S3  o £ 
~ .ZL  5/5 

* 2 s ^ 

0>  3 ^.*5 
t:  </i  ir 

2 £0 

C - 2 -3 

0 ’a  w 2 

C C K — 
C .—  "O  Oi 

ultr  a 

3 g « 

2 S.J5 


c 


W j; 

3 u 

■g  «.  E 

|S6 

E | 

— 4>  O. 

■Slo  VO 

O P < 

E a.w 
- w H 
' «o-£ 

I 8 £ “ 
i J5  ® 
>«;** 

: «j  c 

- *o  .0 
. u S ‘5 

il-S  j 

?E  i & 
; >*•=  « 
IS  81 

si 
: 5 $ >: 
i,  E 3 « 

> 2 

if  g S 

: c E c 

:?3| 

2 UJ  3 

w-  ^ o 


C/5 

0 .tr 

12  § 

5 5-S 

-'EB 

c 3 ts 
0 » ™ 

ill 

ill 

, ^ O ei 

<4-* 

>.  > o 

• - 0 ^ 
TZ  -C  >* 

•S  - 1 
jo- 

g S v 

3 a.2 


X *o 

■a  ".a 
.S-S’B. 


^ t?Q. 

181 
« s 

; - -a 

• v £ 
-» "5  ™ 
£ 2 2 3 

.2  g>  E 2 

> o >.= 

8118 

**ii 
I!  |i 


o *a 

w — 

3 

T3  O 
« «-> 

e s 

= o a 

t C.  o 

ra  u ^ 

!£l 

a.  2 •£ 

5^8 

UJ  tf)  >> 

H 2 S 

!>  3 3 • 

X 3 -3  o 

t:  <«  > 3 
o c -c 

“«CS 

C C 3 - 

0 a <*  *° 
pE?C 

3 g 5 2 
= S t y 

II  9| 

a.  w u w 

" >s  > O 

S-x  >■ 

ol 

.2i 

(Q  P «] 

1 .is 

§=a  “1 
E.Eia 
u u.  -c  a 

3 g « 

2 &J$ 


JTCG/ AS-7  5-S-002  V_/  JTCG/AS-75-S-002 


ABSTRACT  CARD 


I 


0 


' O 


4. 


ABSTRACT  CARD 


O 73 

O T3 

CA 

2% 
a 5 

^ 3 

73  O 

4>  O 

o 

9 

C/3 

o g 

_ -3 

C wrt 

• £ .84 

f-  o 

•A 

r- 

• 

» 1 

C?  o 

CO  •"  —• 

« S.5 

C/D 

< 

E 

— a> 
o — 
T3  X) 

e ^ 

o.  2i  2 

> ~i 

a 

p 

H 
*— » 

.-*>  <U 

r*  ts  G. 

73  O C 

i;  o 5 

CO  co 

; - -a 

lo  -O  19 

: ,S<  o t3 

! g>  Eg 

: 1 £*1 
I 8 a 5 

! f -g  8 

> w . C -o 

3 o 
) 7 vj  x: 

I X t/5  a y 

> -~  4»  £ 

! g 5 u 

i «C  .>  < 


UJ  u,  >. 
f—  1>  .Z 

l||.i 

£ - E £ 

o Jf  S « 
'c  £ ^ e 
3 g | 2 

•h  V H u 

■5.  a § .E 

a "»  u « 

CT3  ^ 

« .tS  O ^ 
O — si  >> 

S.-£  3 

£>  ° « 

19  £ j§  « 

2 g £-~ 

2 Jo 

5/)  y1.  «q 

g = ^ a> 

0^3  • -a 

E :-  •a  £• 

2 S.JS 


73  .« 

.E  -S  o. 

“■  > & 


^-s  a> 

w ® o. 
2 8 E 


• M • M 

E .O  0/j 

it  © 

*K.-g 

2 „ 2 
Q>  la  *T~! 

00  | £ 

uUJ  (/) 

H ,2>  •- 
2i  ”3  IE  s’ 

~ ts  2 -a 

2 „ > -c 
c 3 ^ 
o Ji  “ 8 

■ X P -*_•  4-» 

w C r- 

s » 1 g 

g;  8 =j  -a 

CO  •>  <*- 
>»  > O 
co  *2  O . 

?3  -C  >> 
CL-g  <*-  3 

>%  5 o £ 

1/5 

« E;  $ o 
k 3 n.2 

2 E O 

2 - C3  <-• 

j2  * •o 

§ ■a  .2 

E .E  -g  a 

<u  U.  -r  o. 

•3  g « 

2 


C 

0 ^ 
w 1/ 

•3 

•3  <«  § « 

1 S 6 

e e 

m CL 

■S3  w 

o o < 

E o.y 
u H : 

8 E ~ ■ 

3 O 

'S>  4—>  , 

™ « c 
_*■  -a  O 
U c S 

f -S  J 

lE  II 

>>•=  « 


2 52  ‘S. 

• Si 

£ a « 

‘35  Jf 
"a  g S 

£ E </> 

0 U O 

1 < E 

0»  c/)  I 
^ UJ  ^ 
2 


2 S = 

2 « o 

t/1  > -w 

-'EB 

S3™ 
£?c 
a g 2 

8 is 

co  q co 

■>  C^* 

>>  > o 
^3  x:  ^ 
2 >*-  3 

2 o c 

■£  </>  r 

3 0.2 

</) 

e o 

' CO  ♦- 

3^*  ^ T3 

=5  « s 
c ^ *S 

.-  T3  C. 

U-  *r  O. 
? co 


• ^ s 
10*0^ 
A 2 -o 

^ E s 

■a  g 3 

o 3 o 

f -S  a 

''o'  3 2 
js 


3 

*T3  O 
W O 

Et* 

h.  .S 

c o *5b 
C C-  o 
eo  ^ -S 

Ua  d>  O 

^ Q.-0 
2 O 
Q.  ££ 

< ? E 
H.SS 

H'S  n c 
2 2 « o 

to  > 'Z! 

2 „t'E 
§ S 3 T5 
■S  I SC 
s 8 S 2 

= K t 2 

Q.  2 3 -a 
Cl  ra  O ™ 

J!  >.  ^ C 
3=  ° 

>>  £ o £ 

£ iff 

2 to 

*3  * co  w 

52  a^*  ^ T3 

§3  •*!§ 

E.S-S’g. 

■Su|  & 

2 


o 


JTCG/AS-75-S-002  JTCG/AS-75-S-002 


I 


JTCG/AS-75-S-002 

0 

^ United  Technologies  Corp. 

United  Technologies  Research  Center 
Silver  Lane,  Gate  5R 
East  Hartford,  CT  06108 

Attn:  UTC  Library  (M.  E.  Donnelly) 

® United  Technologies  Corporation 

Pratt  & Whitney  Aircraft  Division 
Florida  Research  and  Development  Center 
P.0.  Box  r?691  3 

West  Palm  iteach,  FL  33402 
Attn:  J,  Vernon 

• 

United  Technologies  Corp. 

Sikorsky  Aircraft  Division 
North  Main  Street 
Stratford,  CT  06602 

Attn:  D.  Fansler/S.  Okarma 
® Attn:  J.  B,  Foulk 

Attn:  G.  W.  Forbes 

University  of  Dayton 
300  College  Park  Ave. 

Dayton,  OH  45409 

f Attn:  Industrial  Security  Supervisor,  KL-505  (R.  P.  Boehmer) 

University  of  Denver 
Colorado  Seminary 
Denver  Research  Institute 
P.0.  Bex  10127 

^ Denver,  CO  80210 

Attn:  R.  F.  Recht 

Vought  Corporation 
P.0.  Box  5907 
Dallas,  TX  75222 

^ Attn:  D.  M.  Reedy,  2-54244 

Williams  Research  Corp. 

2280  W.  Maple  Rd. 

Walled  Lake,  MI  48088 


Attn:  Library 

C 


